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Abstract.   Ab initio HF/6-31+G*, MP2/6-31+G*, B3LYP/6-31+G* level calculations 
have been performed on HSe–NH2 to estimate the Se–N rotational barriers and 
N-inversion barriers. Two conformers have been found with syn and anti arrangement 
of the NH2 hydrogens with respect to Se–H bond. The N inversion barriers in 
selenamide are 1⋅65, 2⋅47, 1⋅93 kcal/mol and the Se–N rotational barriers are 6⋅58, 
6⋅56 and 6⋅12 kcal/mol respectively at HF/6-31+G*, MP2/6-31+G* and B3LYP/6-
31+G* levels respectively. The nN → σ *Se–H negative hyperconjugation is found to be 
responsible for the higher rotational barriers. 
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1.   Introduction 

There is increasing interest in the chemistry of organoselenium compounds. Several 
selenols, selenones, selenoamides, selenonium ylides, selenonium imides etc. have been 
studied in comparison with organosulphur compounds 1. Compounds containing Se–N 
bonds are rare. Flemmang et al 2 have reported the generation of nitrile N-selenides in the 
gas phase, which have Se–N ionic interactions. They also reported the generation of 
pyridine N-selenide in the gas phase 3. Kamigata et al 4–6 have reported the syntheses, 
kinetics, optical activity and Se–N interactions of selenonium imides and R2Se=NR with 
the Se–N hypervalent bond. In contrast, no theoretical studies have been reported on 
selenamides (also known as selenenamide and selenohydroxylamine) RSe-NR2 with 
Se–N single bond. It is especially intriguing because the corresponding sulphenamides 7 

RS–NR2 are well-known, their chiroptical properties are well-studied 8 and sulphenamides 
are also reported to show a very strong anomeric effect 9. In our laboratory, we have been 
studying the bonding characteristics of selenoamides, isoselenocyanates etc. to 
understand the bonding in organoselenium complexes 10 and also on S–N interactions 11.  
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Figure 1.   Conformations of selenamides, HSe–NH2. 
 

 
 
In continuation of our efforts, we present studies on the conformational preferences of 
selenamide, HSe–NH2 (figure 1), using theoretical methods.  

2.   Methods of calculation 

Ab initio 12 and density functional 13 (DFT) calculations have been carried out using the 
Gaussian94W 14 package, the Windows version of the Gaussian94 suite of programs, on 
an IBM compatible PC Pentium-100 MHz with 64 MB memory and 1 GB disk space. 
Complete optimizations have been performed using HF/6-31+G* basis set. Inclusion of 
polarization functions in the basis set were found to be important because of the presence 
of several lone pairs of electrons (in figure 1) 12a. To study the effect of electron 
correlation on the geometries and energies, complete optimizations have been carried out 
using MP2(full)/6-31+G*, B3LYP/6-31+G* 15 levels also. Frequencies were computed 
analytically for all optimized species at HF/6-31+G* level in order to characterize each 
stationary point as a minimum or a transition state and to determine the zero point 
vibrational energies (ZPE). The frequencies and ZPE values obtained at HF/6-31+G* 
level have been scaled by a factor of 0⋅9153 16. Atomic charges in all the structures were 
obtained using the natural population analysis (NPA) method within the natural bond 
orbital approach 17–18. 

3.   Results and discussion 

On the potential energy surface of selenamide, HSe–NH2, two minima, 1, 1-r, one 
rotational transition state, 1-rts, and one inversion transition state 1-its could be located 
(figure 1). Data corresponding to these structures obtained using HF/6-31+G*, 
MP2(full)/6-31+G*, B3LYP/6-31+G* level are given in table 1. Both the ground state 
structures 1 and 1-r are found to have Cs symmetry. The basic difference between the two 
structures arises from the arrangement of the NH2 group, syn or anti with respect to the
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Se–H bond. The Se–N bond length in 1 is 1⋅833 Å at HF/6-31+G* level, this distance 
increases to 1⋅867 Å and 1⋅873 Å after including electron correlation at MP2 and B3LYP 
levels respectively. This is consistent with the earlier observations that inclusion of 
electron correlation overestimates the S–X bond lengths 19. The calculated Se–N 
stretching frequencies for 1 and 1-r at HF/6-31+G* level are 603⋅37 and 603⋅7 cm–1  
(table 5) with IR intensities 67⋅35 and 100⋅86 respectively.  

The N–Se–H angle in 1 ~ 95⋅0o is very small as expected for divalent selenium. The 
nitrogen is sp3 hybridized and is highly pyramidalized as indicated by the sum of angles 
(327⋅4o at MP2/6-31+G* level) around nitrogen in 1. In 1-r also, the N atom has 
pyramidal arrangement but to a lesser degree (sum of angles is 333⋅0°). At all levels of 
theory, the Se–N bond length in 1-r is smaller than that in 1. The reduction in Se–N bond 
length from 1 to 1-r is larger at the electron-correlated levels. In the rotational transition 
state 1-rts, the Se–N bond length is elongated by ~0⋅05 Å. In 1-rts, the pyramidal 
character has increased as expected, the sum of angles around nitrogen is 316⋅6°. The 
inversion transition state 1-its has Cs symmetry with a planar arrangement around 
nitrogen. The Se–N bond in 1-its is shorter than that in 1 by ~0⋅06 Å. These variations in 
the Se–N bond lengths during rotation and inversion can be attributed to the variation in 
the nN → σ∗Se–H negative hyperconjugation.  

The absolute energies and the ZPE values of 1 and the related structures are given in 
table 2, while the relative values are given in table 3. The energy difference (∆E) between 
the two minima are only 0⋅06, 0⋅24 and 0⋅03 kcal/mol at HF/6-31+G*, MP2/6-31+G*, 
and B3LYP/6-31+G* levels respectively. The calculated inversion barriers in 1 are 1⋅65, 
2⋅47 and 1⋅93 kcal/mol at these three levels respectively. These smaller ∆E values and 
inversion barriers indicate that there is no preference for any one of the structures at room 
temperature. The smaller N-inversion barriers can be attributed to the increased anomeric 
effect, which stabilizes the transition structure 1-its. The increase in negative  
 

 
Table 2.   Absolute energies (in a.u.) and zero point vibrational energies (ZPE in 
kcal/mol) of 1, 1-r, 1-rts and 1-its obtained at various levels. 

Method 1 1-r 1-rts 1-its 
 
HF/6-31+G –2453⋅527858 – –2453.51280 – 
HF/6-31+G* –2453⋅7611670 –2453⋅761364 –2453.749850 –2453.757027 
MP2/6-31+G* –2454⋅042140 –2454.042620 –2454.030846 –2454.036703 
B3LYP/6-31+G* –2455⋅929739 –2455.929591 –2455.919147 –2455.925150 
ZPE @ (NIF) 23⋅04 (0) 22⋅04 (0) 22⋅52 (1) 22.10 (1) 

@Obtained at HF/6-31+G* level and scaled by 0⋅9153; NIF: number of imaginary frequencies 
 
  
 

Table 3.   The difference (∆E) between 1 and 1-r, the rotation and inversion barriers 
in 1 obtained at various levels. The ZPE corrected values are given in parentheses. 

Method  ∆E Rotation barriers Inversion barriers 
 
HF/6-31+G – 9⋅44 (8⋅92) – 
HF/6-31+G* 0⋅12 (0⋅06) 7⋅10 (6⋅58) 2⋅60 (1⋅65) 
MP2/6-31+G* 0⋅30 (0⋅24) 7⋅09 (6⋅56) 3⋅41 (2⋅47) 
B3LYP/6-31+G* 0⋅09 (0⋅03) 6⋅65 (6⋅12) 2⋅88 (1⋅93) 
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hyperconjugation in 1-its is evidenced by the decrease in Se–N distance, increase in 
Se–N bond polarization (table 4) and increase in the N–Se–H and Se–N–H angles in 1-its 
as compared to those in 1.  

The Se–N rotational barrier in 1 at HF/6-31+G*(+ZPE) level is 6⋅58 kcal/mol. 
Inclusion of electron correlation using second-order Moller–Plesset perturbation method 
decreases the rotational barrier by a small amount (6⋅56 kcal/mol). Inclusion of electron 
correlation using density functional B3LYP method decreases the Se–N rotational barrier 
to 6⋅12 kcal/mol. The Se–N rotational barrier in 1 is less than the S–N rotational barrier in 
sulphenamide, HS–NH2 (7⋅97, 8⋅04, 7⋅63 kcal/mol at HF/6-31+G*, MP2/6-31+G*, 
B3LYP/6-31+G* levels respectively). The high rotational barriers in sulphenamides have 
been attributed mainly to the nN → σ*S–H negative hyperconjugation. The Se–N rotational 
barrier in 1 is also much larger than is expected for a simple single bond (for example, 
rotational barrier in C–C single bond is about 3 kcal/mol). Hence, it can be expected that 
selenamides also show anomeric effects like sulphenamides, albeit to a smaller extent. 
The reduced Se–N rotation barrier might be due to smaller anomeric effect in 1, which 
may arise from the longer bond length (Se–N: 1⋅833 Å in 1 and S–N: 1⋅709 Å in HS–NH2 
both at HF/6-31+G* level), which in turn originates from the larger size of selenium.  

The dπ–pπ interactions do not seem to play any important role in Se–N interactions. 
NBO analysis showed that the selenium d orbital occupation in 1, 1-r, 1-rts and 1-its 
respectively at MP2/6-31+G* level are 0⋅07, 0⋅07, 0⋅07 and 0⋅06. The inclusion of d 
functions are important so as to polarize the Se–H σ* orbital, but not to cause dπ–pπ  
 

 
Table 4.   NPA charges in 1 and its conformations obtained at MP2/6-31+G* level 
using MP2 densities.  

Atoms 1 1-r 1-rts 1-its 
 
N1 –1⋅109 –1⋅114 –1⋅073 –1⋅195 
Se2 0⋅206  0⋅249  0⋅197  0⋅287 
H3 0⋅078 0⋅042  0⋅072  0⋅047 
H4   0⋅412  0⋅412  0⋅400 0⋅431 
H5  0⋅412  0⋅412  0⋅403  0⋅431 
4d occupancy 0⋅07 0⋅07 0⋅07 0⋅06 

 
 
 
Table 5.   Frequencies (cm–1) of different normal modes of vibration in 1 and 1-r of 
selenohydroxylamine at HF/6-31+G* level. 

Normal modes 1 1-r 
 
Torsion 411⋅7 446⋅1 
Se–N stretching 603⋅3 603⋅7 
Scissoring 786⋅4 771⋅9 
N–Se–H bending 999⋅1 897⋅7 
Twisting 1081⋅2 1065⋅8 
Wagging 1645⋅1 1633⋅1 
Se–H stretching 2361⋅2 2307⋅7 
N–H stretching symmetric 3447⋅2 3444⋅7 
N–H stretching asymmetric 3541⋅5 3543⋅7 

These values are scaled by a factor of 0⋅9153 
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interactions 9. If dπ–pπ interactions are important between selenium and nitrogen, the 
Se–N rotational barrier should be considerably higher in 1 when the d-orbitals are 
included as compared to the Se–N rotational barrier when they are not included. The Se–
N rotational barrier in 1 at HF/6-31+G level is 8⋅92 kcal/mol which is larger than the Se–
N rotational barrier obtained at HF/6-31+G* level (6⋅58 kcal/mol). Thus, d-orbital 
participation does not increase the rotational barriers, indicating that dπ–pπ interactions 
are not responsible for the rotational barriers in 1. 

Atomic charges obtained by using the NPA method are given in table 4. The data 
clearly indicate that the N atom has a unit negative charge whereas the selenium is only 
slightly positive. In 1-r, the negative charge on nitrogen slightly increases and the 
positive charge on selenium increases by 0⋅043 units, i.e. Se–N bond polarization 
increases. Variation in the geometrical parameters of 1 and 1-r indicate relatively more 
anomeric effect in 1-r conformation. The change in charge distribution on nitrogen and 
selenium may be the result of change in hybridization of nitrogen in 1-r (closer to sp2) as 
indicated by change in the N–Se–H and Se–N–H angles. Because of this increase in the 
polarization, the electrostatic attraction between selenium and nitrogen increases which 
finally leads to a decrease in the Se–N distance. This is in accordance with the negative 
hyperconjugation present in these systems. In the inversion transition state 1-its, the 
s character and electronegativity of N is more than that in 1, resulting in increase in the 
charge at N and reduction in Se–N bond length. This analysis indicates that the smaller 
Se–N bond distances in selenamides with almost planar arrangement on nitrogen are due 
more to the increased charge separation between Se and N rather than to the increase in 
charge transfer from N to Se through d-orbital interactions as well as the enhanced 
anomeric effect.  

4.   Conclusions 

Complete optimizations using SCF, MP2, B3LYP methods and 6-31+G* basis set show 
that the Se–N in selenamides has a slightly larger Se–N rotational barrier. This is mainly 
due to the nN → σ*Se–H negative hyperconjugation present in 1. The Se–N bond length is 
of the order of 1⋅86–1⋅87 Å. The negative hyperconjugation in 1 is less than that in 
sulphenamides, mainly due to the larger size of selenium as compared to that of sulphur. 
The N-inversion barrier is small, which indicates that the two conformers are 
indistinguishable at room temperature.  
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