Se-N interactions in selenohydroxylamine: a theoretical study
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The potential energy surfaces of thiohydroxylamine HS-NH,, 1, and selenohydroxylamine HSe-NH,, 2, have been
searched, using ab initio and density functional methods, to study the conformational preferences. There are two
minima on the path of rotation around the Se-N bond in 2. High accuracy G2MP?2 calculations showed that the
Se—N rotational barrier in 2 is 5.41 kcal mol™!, which is 1.16 kcal mol™! less than the S—N rotational barrier in 1.
The inversion around N in 1 and 2 goes through low energy barriers of 1.79 and 2.44 kcal mol ™! at the same level
respectively. Charge analysis using the natural population analysis (NPA) method has been performed to understand
the electronic factors responsible for the observed trends in the Se—N interactions. The strength of the negative
hyperconjugation in 2 has been estimated using natural bond orbital (NBO) analysis and by studying the substituent

effect.

Introduction

Organoselenium chemistry closely resembles the chemistry of
organosulfur compounds.' The major differences between them
arise from the larger size and polarizability of selenium relative
to sulfur. Several selenols, selenones,? selenoamides,® selenon-
ium ylides,* etc. have been synthesized and studied in com-
parison to the corresponding sulfur systems. Compounds with
an Se-N bond are rare, though many compounds with S-N
bonds like sulfonamides,® RO,S-NR,, sulfenamides,® RS-NR,,
sulfilimines,” R,S=NR, sulfinimines,® R,S-N=CH,, etc. are well

known. Flammang et al® 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.”” Kamigata et al.*' have reported
the synthesis, kinetics, optical activity and Se—N interactions in
selenonium imides, R,Se=NR with Se-N ionic resonance inter-
actions. Some cyclic systems like selenazines, selenodiazoles,
Se N, etc. with an Se-N bond are known.!' In contrast, very
few studies have been reported on simple selenohydroxylamines
(also known as selenamides and selenenamides) RSe-NR, with
an Se-N single bond.”? Selenamides are amides of selenenic
acids and are in general prepared by the reaction of secondary
amines with RSeCl, RSeBr, RSeOH efc. (R = phenyl). These
can be used to prepare selenides, selenoacetates etc.'* Oxid-
ation of selenamides RSe-NR, gives selenonamides RO,Se—
NR,.!* Selenenylation of aldehydes is an important application
of selenamides.” The Se-N bond also adds across the C-C
double bond in enones ** and the C—C triple bond in alkynes.'¥
The paucity of studies on the chemistry of selenamides is
surprising because the corresponding sulfenamides® RS-NR,
are well known; their chiroptical properties are well studied '*
and they are also reported to show very strong negative
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hyperconjugation.’ In our laboratory we have been studying
the bonding characteristics of selenoamides,’> RCSeNH,,
selenonamides,’® RO,SeNH,, isoselenocyanates, Se=C=NH,
etc. to understand the bonding in organoselenium complexes
and also studying the S-N interactions in organosulfur com-
pounds.’ In continuation of our efforts, we present studies on
the conformational preferences of selenohydroxylamine, HSe—
NH,, 2, (Fig. 1) using theoretical methods and compare them
with those of thiohydroxylamine.

Thiohydroxylamines are compounds with a variety of appli-
cations. These compounds possess only a single bond between
sulfur and nitrogen, but show large rotation barriers, in the
range 12-22 kcal mol™'.® They show axial chirality and can be
enantiomerically resolved."® The barrier to rotation of the S-N
single bond has been argued to be mainly due to five factors.
These are: (1) the four-electron interactions (lone pair—lone pair
repulsions), (2) the two-electron interaction (negative hyper-
conjugation), (3) steric factors (arising from bulkiness of the
substituent), (4) the electrosteric effects (arising from the sub-
stituents on the phenyl group attached to the sulfur atom), (5)
the dn—pr interactions. Reed and Schleyer ™ showed that thio-
hydroxylamines show very strong negative hyperconjugation
and dn—pr interactions are negligible. Following this, seleno-
hydroxylamines are also expected to show strong negative
hyperconjugation (also known as a generalized anomeric effect
which represents the intramolecular donor-acceptor n—c*
delocalizations leading to an in-plane m character) and large
rotational barriers. We report G2MP2 estimates of rotational
barriers in HS-NH,, 1, HSe-NH,, 2, and a study of substituent
effects to understand the Se—N interactions in selenohydroxyl-
amines. Natural bond orbital (NBO) analysis has been carried
out to estimate the negative hyperconjugative interactions.

Computational details

Ab initio MO' and density functional (DFT)!® calculations
have been carried out using the GAUSSIAN94W *° package, a
Windows version of the GAUSSIANY4 suite of programs, on
an IBM compatible PC Pentium-100 MHz with 64 MB mem-
ory and 1 GB disk space. Complete optimizations have been
performed on thiohydroxylamine, 1, and selenohydroxylamine,
2, their rotational, N-inversion conformers and corresponding
transition states using the MP2(Full)/6-31+G*? basis set.
Since these molecules possess several lone pairs of electrons,
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Table 1 Various geometric parameters of thiohydroxylamine and selenohydroxylamine at the MP2(Full)/6-31+G* level. The bond lengths are in A

and angles are in degrees

Thiohydroxylamine Selenohydroxylamine

1 1-r 1-rts 1-its 2 2-r 2-rts 2-its
N1-S2 1.730 1.712 1.775 1.679 N1-Se2 1.862 1.846 1.907 1.804
N1-H4 1.016 1.016 1.021° 1.008 N1-H4 1.018 1.017 1.023°% 1.008
NI1-HS5 1.016 1.016 1.021° 1.008 NI1-H5 1.018 1.017 1.023° 1.008
S2-H3 1.341 1.352 1.340 1.351 Se2-H3 1.481 1.493 1.478 1.493
S2-N1-H4 110.7 113.7 106.2 120.7 Se2-N1-H4 109.3 111.7 107.0 120.6
S2-N1-H5 110.7 113.7 109.2 120.7 Se2-NI1-HS5 109.3 111.7 104.9 120.6
N1-S2-H3 96.5 102.2 96.4 100.9 N1-Se2-H3 95.00 101.5 95.50 99.60
H4-N1-S2-H3 119.3 64.0 2244 90.4 H4-N1-Se2-H3 120.4 61.80 26.30 91.40
H4-N1-S2-H3 —119.3 —64.0 337.5 -90.4 H4-N1-Se2-H3 -120.4 —61.80 137.4 —91.40
P 330.6 338.0 320.5 360.0 P 327.6 3334 316.9 359.9

“ @ =sum of angles around nitrogen. ® These values become exactly the same due to the rounding of the values up to the third decimal place.
However, they are slightly different at higher decimal places giving only C; symmetry to 1-rts and 2-rts.

Table 2 Frequencies (cm™?) of different normal modes of vibration in thiohydroxylamine and selenohydroxylamine along with IR intensities at the

MP2(Full)/6-31+G* level

Thiohydroxylamine Selenohydroxylamine
Normal modes Frequencies Intensities Normal modes Frequencies Intensities
Torsion 432.1 65.3 Torsion 379.3 51.9
S—N Stretching 660.4 96.2 Se—N Stretching 571.9 46.8
Scissoring 867.8 69.2 Scissoring 814.5 71.5
N-S-H Bending 1017.2 16.0 N-Se-H Bending 890.3 31.6
Twisting 1111.8 3.10 Twisting 1063.3 2.50
Wagging 1621.1 26.5 Wagging 1596.1 26.3
S-H Stretching 2624.8 19.0 Se-H Stretching 2335.8 26.9
N-H Stretching symmetric 3373.3 9.33 N-H Stretching symmetric 3355.7 14.5
N-H Stretching asymmetric 3477.5 353 N-H Stretching asymmetric 3464.7 359
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Important structural features of thiohydroxylamine, 1 and selenohydroxylamine, 2 and their conformers (-r), rotational transition stares

(-rts) and inversion transition states (-its). The given data are at the MP2 (Full)/6-31+G* level. Bond lengths are given in A.

inclusion of diffuse functions in the basis set is important.!” To
study the effect of electron correlation on the geometries and
energies, full optimizations have been performed using B3LYP/
6-31+G*?' levels. Frequencies were computed analytically
for all optimized species at the MP2(Full)/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 ZPE values have been scaled by a factor of
0.9153.2 In order to obtain accurate values of the S-N and
Se-N rotational barriers, calculations have been repeated at
various levels of ab initio calculations including QCISD(T),?
CCSD(T)** and G2MP2? methods as shown in Tables 1 and 2.
Atomic charges in all the structures were obtained using the
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natural population analysis (NPA) method within the natural
bond orbital approach?® with the MP2 densities using the
MP2(Full)/6-31+G* wavefunction. The substituent effect on
the Se—N interaction has been studied using the MP2/6-31+G*
level on XSe-NH, (X= Me, Cl, F). MP2(Full)/6-31+G*
geometric parameters and G2MP2 energies will be used in the
discussion unless otherwise specifically mentioned.

Results and discussion

On the potential energy surface of selenohydroxylamine, HSe—
NH,, two minima, 2, 2-r, one rotational transition state, 2-rts,
and one inversion transition state, 2-its, could be located as



Table 3 Absolute energies (in a.u.) and zero point energies (ZPE, in kcal mol ') obtained at various levels for 1 and 2 and their different conformers

Thiohydroxylamine

Method 1 1-r 1-rts 1-its
B3LYP/6-31+G* —454.723402 —454.722041 —454.710317 —454.719264
MP2(Full)/6-31+G* —453.983706 —453.982175 —453.969890 —453.979096
QCISD(T)/6-31+G*//MP2(Full)/6-31+G* —454.004949 —454.003278 —453.992024 —453.999319
CCSD(T)/6-31+G*//MP2(Full)/6-31+G* —454.004773 —454.003102 —453.991848 —453.999150
G2MP2 —454.171981 —454.171762 —454.161509 —454.169132
ZPE“ (NIF) 22.11(0) 22.03(0) 21.53(1) 21.26(1)
Selenohydroxylamine

Method 2 2-r 2-rts 2-its

B3LYP/6-31+G* —2455.929739

MP2(Full)/6-31+G* —2454.079568
QCISD(T)/6-31+G*//MP2(Full)/6-31 + G* —2454.075790
CCSD(T)/6-31+G*//MP2(Full)/6-31 +G* —2454.075769
G2MP2 —2456.418673
ZPE“ (NIF) 23.04(0)

“ Obtained at the HF/6-31+G* level and scaled by 0.9153;

—2455.929591 —2455.919147 —2455.925149

—2454.079070 —2454.068153 —2454.074332
—2454.075189 —2454.065208 —2454.069486
—2454.074982 —2454.065004 —2454.069288
—2456.418553 —2456.410047 —2456.414779
22.04(0) 22.52(1) 22.10(1)

NIF: number of imaginary frequencies.

Table 4 Energy difference between the two ground state conformers (AE), X-N rotational barriers, and N-inversion barriers of thiohydroxylamine
and selenohydroxylamine. All the values are ZPE corrected and are in kcal mol ™!

Thiohydroxylamine Selenohydroxylamine
Rotation Inversion Rotation Inversion
Method AE barriers barriers AE barriers barriers
B3LYP/6-31+G* 0.77 7.63 1.74 0.03 6.12 1.93
MP2(Full)/6-31+G* 0.88 8.09 2.04 0.25 6.64 2.34
QCISD(T)/6-31+G* 0.94 7.53 2.68 0.32 6.12 395
CCSD(T)/6-31+G* 0.97 7.53 2.68 0.43 6.11 4.06
G2MP2 0.14 6.57 1.79 0.07 5.41 2.44

in the case of sulfenamide (1, 1-r, 1-rts, 1-its). The structural
data corresponding to these structures obtained using the
MP2(Full)/6-31+G* level are given in Table 1. Both the ground
state structures 2 and 2-r are found to have C; symmetry. The
basic difference between the two structures arises from the
arrangement of the NH, group syn (2-r) or anti (2) with respect
to the Se-H bond. The Se-N bond length in 2 is 1.862 A at
the MP2(Full)/6-31+G* level, slightly less than the sum of
covalent radii (1.88 A) of Se and N.¥ This may be due to
anomeric 7 character as in 1. The calculated Se—N distance is
comparable to the Se-N distance in 4-[(2-nitrophenyl)selenyl]-
morpholine (1.869 A) and is longer than the Se-N distance in
C¢H;0,Se-NMe, 1.815 A" The calculated Se-N distances at
the HF/6-31+G*, MP2(Full)/6-31+G* and B3LYP/6-31+G*
levels are 1.833, 1.862 and 1.873 A respectively. The value
obtained at the MP2(Full)/6-31+G* level matches well the
experimental value (1.869 A). The N-Se-H angle in 2 is 95.0°,
only slightly larger than the H-Se-H angle (91°) in SeH,,””
and comparable to the small N-S-H angle (96.5°) in 1. The
pyramidalization at nitrogen in 2 is more than that in 1 as indi-
cated by sum of the angles around nitrogen, 327.6 and 330.6°
respectively. This indicates that lone pair electrons on nitrogen
are more localized in 2 in comparison to 1. The calculated fre-
quencies of 2 along with estimated intensities are given in Table
2. The Se-N stretching frequencies are in the range 570-590
cm ! and show strong mixing with the frequencies correspond-
ing to NH, scissoring and N-Se—H bending motions. The Se-H
stretching frequencies are in the range 2340-2350 cm™!. The
calculated frequencies of 1 and 2 can be easily correlated.

In 2-r also the N atom has a pyramidal arrangement but to a
lesser degree (the sum of the angles around nitrogen is 333.4°).
The Se-N bond length in 2-r is smaller than that in 2. The Se—

N-H and N-Se-H angles are larger in 2 as compared to those
in 1. All these observations indicate stronger negative hyper-
conjugation in 2-r relative to 2. The differences in the geometric
parameters of 2 and 2-r are similar to those observed between 1
and 1-r. In the rotational transition state 2-rts, the Se-N bond
length is elongated by ~0.45 A. This elongation is mainly due to
the loss of anomeric & character. In 2-rts, the pyramidal char-
acter has increased as expected, the sum of the angles around
nitrogen is 316.9°. The inversion transition state 2-its also has
C, symmetry with an sp? arrangement around nitrogen. The
Se-N bond in 2-its is shorter by ~0.06 A. These variations in
the geometric parameters during rotation and inversion can be
attributed to the variation in the n;—6*g. negative hypercon-
jugation. The observed variation in 2 is relatively smaller than
that in 1 and hence it can be inferred that the negative
hyperconjugation is relatively weak in 2 in comparison to that
in 1.

The absolute energies and the ZPE values of 1, 2 and related
structures are given in Table 3, the relative values are given in
Table 4. The energy difference (AE) between the rotamers in 1 is
0.14 kcal mol ™! and in 2 AE is 0.07 kcal mol ™! at the G2MP2
level. The calculated inversion barriers in 1 and 2 are 1.79 and
2.44 kcal mol™" at the G2ZMP2 level. These values are much
smaller than the inversion barriers in NH, (4.20 kcal mol™! at
the G2MP2 level), indicating virtual indistinguishability of
the conformers at room temperature. The smaller N-inversion
barriers can be attributed to the presence of npy—>6*x u
negative hyperconjugation, which stabilizes the inversion transi-
tion structures 1-its and 2-its. The stronger negative hyper-
conjugation in 2-its is evidenced by the decrease in Se-N
distance, increase in Se-N bond polarization (Table 5) and
increase in the N-Se-H and Se-N-H angles in 2-its in com-
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Table5 Parameters from NBO analysis contributing to the second-order estimate E® of nn,—>6*x_y interaction strength at the MP2(Full)/6-31 +G*

level

qﬂ

N S H H H 3d* p(n)° plc*)4 E®* g — & F;#
1 —1.089 0.147 0.119 0.412 0.412 0.03 1.938 0.014 4.60 0.97 0.060
1-r —1.095 0.192 0.083 0.410 0.410 0.03 1.973 0.023 8.09 0.93 0.078
1-rts —1.054 0.140 0.109 0.400 0.405 0.03 1.995 0.005 — — —
1-its —1.161 0.215 0.090 0.428 0.428 0.03 1.966 0.026 10.3 0.86 0.084

N Se H H H 4d°
2 —1.136 0.255 0.056 0.412 0.412 0.03 1.984 0.015 4.74 0.87 0.057
2-r —1.141 0.298 0.019 0.412 0.412 0.03 1.975 0.023 7.08 0.85 0.069
2-rts —1.097 0.244 0.047 0.402 0.404 0.03 1.996 0.005 — — —
2-its —1.224 0.338 0.025 0.431 0.431 0.03 1.967 0.028 10.1 0.75 0.078

“ Atomic charges obtained using the NPA method. ® Occupation of d-orbitals. © Occupancy of the nitrogen lone pair. ¢ Occupancy of the X-H o*
MO. ¢ The energy corresponding to ny,—6*x y delocalization.” Energy difference between ngy, and 6*x_;; molecular orbitals. £ Fock matrix element

corresponding to np,—>G*x_ overlap.

parison to those in 2. The relatively higher inversion barrier
in 2 supports the observation that negative hyperconjugation is
smaller in selenohydroxylamine 2 in comparison to that in 1.
The Se—N rotational barrier in 2 at the MP2(Full)/6-31+G*
level is 6.64 kcal mol ™. Inclusion of electron correlation using
the density functional B3LYP method gives a Se—N rotational
barrier of 6.12 kcal mol™'. When electron correlation is
employed using the QCISD(T) and CCSD(T) levels, the
rotational barrier becomes 6.12 and 6.11 kcal mol™! respect-
ively, comparable to the values obtained using the B3LYP/
6-31+G* level. However, at the high accuracy G2MP2 level, the
rotational barrier gets reduced to 5.41 kcal mol™'. The Se-N
rotational barrier is about 2.8 kcal mol™* higher than the C-C
single bond rotation in ethane (2.6 kcal mol™! at the G2MP2
level). The Se-N rotational barrier in 2 (5.41 kcal mol™) is less
than the S—N rotational barrier (6.57 kcal mol™) in 1 at the
G2MP2 level. The high rotational barriers in thiohydroxyl-
amines have been attributed mainly to the negative hyper-
conjugation (ng—>0*sp)."* The reduced Se-N rotational
barrier might be due to smaller negative hyperconjugation in 2,
which may arise from the longer bond length (Se-N: 1.862 A in
2 and S-N: 1.730 A in 1, both at the MP2(Full)/6-31+G* level).

NBO analysis

Atomic charges obtained by using the NPA method are given in
Table 5. The data clearly indicate that the N atom has a unit
negative charge whereas the selenium is only slightly positive.
In 2-r, the negative charge on nitrogen slightly increases and
the positive charge on selenium increases by 0.043 units, i.e. the
Se—N bond polarization increases. This increase in polarization
is due to the increases in the N-Se-H and Se-N-H angles which
increase the s character at N and Se atoms. 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, in accordance with the negative
hyperconjugation present in these systems. In the inversion
transition state 2-its, the s character and electronegativity of N
are more than those in 2, resulting in the increase in the charge
at N and reduction in the Se-N bond. This analysis indicates
that the smaller Se-N bond distances in 1-its and 2-its with
an almost planar arrangement on nitrogen are due more to
increased charge separation (as a consequence of increased
negative hyperconjugation) between Se and N than to the
increase in the charge transfer from N to Se through d-orbital
interactions. The group charges in 1 and 2 indicate that the
Se—N bond is more polarized than the S-N bond. This is con-
sistent with the expected increase in the ionic character of the
X-N bond as we move down a group. The Se-N bond in 2
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has stronger ionic character than the S-N bond in 1. Experi-
mentally, RSe-NR, behaves like HBr and adds across double
bonds,'* whereas no reports of such behaviour are available for
RS-NR,. This may be justified in terms of the stronger ionic
character of Se-N bonds.

NBO analysis (Table 5) shows that the occupancy of the
nitrogen lone pair is only 1.984 in 2. The occupancy of the
G*s. i orbital is 0.015. This clearly suggests that nyy—>0%s. i
charge transfer is taking place in 2. The second-order energy
analysis®® shows that the energy associated with this transfer is
4.74 kcal mol™" (this is the largest second order interaction
found in 2, the second largest (2.99 kcal mol™!) corresponding
to og.g—>N Rydberg orbital). The energy difference between
the ny, and c*g. y orbitals is 0.87 au and the Fock matrix
element representing this overlap has a value of 0.057 au.
Comparison of these values of 1 and 2 suggests that the
strength of negative hyperconjugation in these two systems is
almost equal. The Ag; between the interacting MOs is smaller
in 2 compared to that in 1, which should have increased the
negative hyperconjugative interactions, because this value
appears in the denominator.?® However, the overlap between the
two orbitals is also decreasing as indicated by the decrease in
Fock matrix element values. Hence the decrease in the Se-N
rotation barrier in selenohydroxylamines is mainly due to the
decrease in the overlap between the ny, and 6*g, g.** This can
be traced to the longer bond length in Se-N relative to S-N,
which in turn originates from the larger size of Se.

Substituent effect

Negative hyperconjugation gets strongly enhanced when
hydrogen is replaced by electronegative elements like fluorine
and chlorine. To estimate the increase in the negative hyper-
conjugation across the Se—N bond, MP2/6-31+G* level calcu-
lations have been performed on CH;Se-NH,, 3, ClSe-NH,, 4,
and FSe-NH,, 5. Table 6 gives a comparison between geometric
parameters, Se-N rotational barriers, and energy of stabiliz-
ation due to substitution. The Se-N distance decreases with an
increase in the electronegativity of the substituent. The calcu-
lated bond lengths at the MP2/6-31+G* level are 1.872>
1.867 > 1.792 > 1.772 A for X = CH,, H, Cl, F respectively. The
Se-N bond rotational barrier (6.56 kcal mol™!) in 2 becomes
doubled (13.72 kcal mol™!) with chlorine substitution and fur-
ther increases to 16.46 kcal mol™' with fluorine substitution.
Both 4 and 5 have only one conformer, with a syn arrangement.
Rotamers 4-r and 5-r could not be located on the respective PE
surfaces, and hence inversion barriers cannot be calculated. The
calculated rotational barriers for 2-5 are consistently less than
the rotational barriers in the corresponding thiohydroxylamine



Table 6 Important parameters corresponding to substituent effects in 1 and 2 at the MP2/6-31+G* level

Thiohydroxylamine, RSNH,

Selenohydroxylamine, RSeNH,

R=H CH, Cl F R=H CH, Cl F
S-N* 1.732 1.730 1.647 1.629 Se-N*“ 1.867 1.872 1.792 1.772
S-N-H* 110.6 111.1 117.8 119.1 Se-N-H* 109.2 109.6 115.7 117.5
N-S-X* 96.5 98.5 106.8 104.7 N-Se-X* 95.0 95.7 105.4 103.8
S—N rotational barriers¢ 8.04 8.17 16.18 20.20 Se—N rotational barriers® 6.56 6.84 13.72 16.46
N-inversion barriers ¢ 2.04 — — — N-inversion barriers ¢ 2.47 — — —
AE“ — — 14.77 21.02 AE“ — — 11.93 14.46
Atomic charge on Atomic charge on

0.114 0.346 0.451 0.745 Se 0.206 0.428 0.562 0.850

N -1.072 -1.078 —1.056 -1.078 N -1.109 —1.115 -1.119 —1.148

“Bond lengths in A. * Angles in degrees. ¢ Energies in kcal mol ™!, AE = stabilization due to substitution.

systems. This indicates that selenohydroxylamines with sub-
stituents which enhance negative hyperconjugation may show
axial chirality similar to thiohydroxylamine. However, the
enantiomer separation'* might prove relatively more difficult.
Stabilization due to substitution can be calculated using
isodesmic equations (for example, eqn. (1)). The additional

FX-NH, + XH,—> HX-NH, + FXH (1)

stabilization gained by selenohydroxylamine is 11.93 and 14.46
kcal mol™! due to chlorine and fluorine substitution respec-
tively at the MP2/6-31+G* level. These high stabilization
values indicate that there is a strong increase in the negative
hyperconjugation upon substitution though it is less pro-
nounced than that in thiohydroxylamine. This also supports
an earlier observation that selenohydroxylamine has relatively
weaker negative hyperconjugation.

Conclusions

Theoretical studies show that selenohydroxylamines closely
resemble thiohydroxylamine. They show strong negative hyper-
conjugation, though relatively less than thiohydroxylamine.
The rotational barriers in selenohydroxylamine are only slightly
less than those of thiohydroxylamine and hence selenohydroxyl-
amines may also show axial chirality. The NBO analysis shows
that the weaker negative hyperconjugation in selenohydroxyl-
amines can be traced to the reduced overlap between ny, and
6*geg MOs. It can be finally concluded that the Se-N inter-
actions are characterized by a regular covalent bond, and an
additional in-plane © bond due to negative hyperconjugation.
The ionic character across the Se-N bond in 2 is stronger than
the ionic character across the S-N bond in 1.
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