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Ab initio molecular orbital and DFT calculations have been carried
out for tautomerization, 2 imino tautomers and 1 zwitter ionic to amino
(most stable species of the nitrosamine isomers) in reaction of HNNOH-
H,0, in order to elucidate the structures and energetics. The structures
and transition states were optimized using B3LYP and MP2 methods
with 6-311++G(2d,2p), AUG-cc-pVDZ basis sets. The transition states
of the three transformation reactions found in the study possess 3 proton-
transfer processes. Energetics and thermodynamic properties of all
tautomerization of nitrosamine in reaction of the nitrosamine isomers -
H,0, have been obtained.
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INTRODUCTION

Oxidation in biological systems can damage biomolecules including nucleic
acid and protein. Hydrogen peroxide (H,O,) generating highly reactive radicals has
been proven to play a role in the oxidation reactions' Significant quantities of H,O,
can be detected as a byproduct of several metabolic pathways in human blood®.

The H,O, complexes which are important in many chemical and biochemical
systems have been investigated by different research groups. The interactions of
hydrogen peroxide with O;**, dimethyl ether’, 1,3-butanediol’, glycine’, formamide®,
uracil’, water'’, hydrogen halides'', urea'” and nitrosamine'’ were studied.

Tautomers are isomers of organic compounds that readily interconvert by a
chemical reaction called tautomerization. Commonly this reaction results in the
formal migration of a hydrogen atom or proton, accompanied by a switch of a
single bond and adjacent double bond, nitrosamine has tautomer structure. Because
NH,NO contains N=O as well as NH, groups, it is expected to form a strong binary
H-bonded complex with compounds such as H,O, which is not only a proton donor
but also a proton acceptor. To the best of our knowledge, interaction between NH,NO
and H,O, as well as nature of interactions in NH,NO-H,O, complexes has not been
experimentally investigated. But the theory has been studied'"’. Tautomerization of
nitrosamine study has not been when a H,O, with NH,NO do complex formation.



5238 Bavafa Asian J. Chem.
COMPUTATIONAL DETAILS

The geometries of the complexes and transition-states were optimized using
B3LYP and MP2 methods with 6-311++G(2d,2p) and AUG-cc-pVDZ basis sets by
Gaussian-03 program package'.

The thermal and corresponding zero-point vibrational energies calculations were
performed for all optimized species at aforementioned levels to evaluate. Vibra-
tional frequencies (from the analytic Hessian) were calculated to ensure that each
minimum is a true local minimum (containing only positive frequencies) and that
each transition state has only a single imaginary frequency (one negative eigenvalue
of the Hessian).

The Mulliken electronegativity (), chemical hardness (1) and electronic chemical
potential (u) for all isomers of the nitrosamines were computed using orbital energies
of the highest occupied molecular orbital (HOMO) and the lowes unoccupied
molecular orbital (LUMO) at the B3LYP/AUG-cc-pVDZ and MP2/AUG-cc-pVDZ
levels of theory. The chemical hardness, electronic chemical potential and Mulliken
electronegativity were derived from the first ionization potential (I) and electron
affinity (A) of the N-electron molecular system with a total energy (E) and external
potential [v(7)] using the relations:

X:_(B_Ej =—u51(1+A) and nz—{a—EzJ El(I—A)
and the first ionization potential and electron affinity are [= E(N - 1) - E(N) and A
=E(N) - E(N + 1)". According to the Koopmans theorem'®, I and A were computed
from the HOMO and LUMOenergies using the relations: I = -Epomo and A =
'ELUMO-

The standard enthalpy AH,ys and Gibbs free energy changes AGys of
interconversion reactions have been derived from the frequency calculations.

RESULTS AND DISCUSSION

Isomer and transition-state structures: The HNNOH nitrosamine isomers
can be classified into two types namely imino (type i) and zwitter ionic (type z)
isomers that reaction with H,O,. Nitrosamine tautomers in trace interconversions
(proton transfer) convert to amino (most stable species of the nitrosamine isomers).
Supplementary data, are categorized into three groups, Fig. 1 for group 1 (imino-
H,0,): HPi,, HPi,, Fig. 2 for group 2 (zwitter ionic-H»0,): HPz and Fig. 3 for group
3 (transition-states): TS-HPi,-HPa,, TS-HPi,-HPa,, TS-HPz-HPa;: these structures
computed at the MP2/AUG-cc-pVDZ level of theory.

The few stable isomer of the nitrosamine-H,O; is a Hi; which is able to convert
to HPa, (most stable), HPi, via the transition-state TS-HPi,-HPa,. The structures of
HPi,, HPa, and transition states of their interconversion are in the MP2/AUG-cc-
pVDZ-optimized geometrical parameters are shown in Fig. 1. The Ha, and Ha;
complexes are the most stable complexes of the groups 2 and 3, respectively.
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Energetics, thermodynamic properties: The electronic binding energies with
BSSE, thermal and zero-point corrected energies for different complexes at several
levels of theory are given in Table-1.

TABLE-1
BINDING ENERGIES (kcal/mol) FOR ISOMERS OF THE NITROSAMINE-H,O,

Complex ~ Method Basis set BSSE De D™ D, D,

paLyp O311++G(2d.2p) 040  -591 552 431 391

HP; AUG-cc-pVDZ 029  -572 543 414 385

! Mpy | 6-311++G(2d.2p) 149 763 614 600  -451

AUG-cc-pVDZ 1.66 788 622 625 459

paLyp 0311++G(2d.2p) 126  -529 -403 376  -2.50

HP AUG-cc-pVDZ 046  -544 498 385 340

2 Mpy  6-311++G(2d.2p) 165  -634 468 473  -3.08

AUG-cc-pVDZ 222 -699  -476 528  -3.05

BaLyp 0311++G(2d.2p) 068  -7.61 693 612 544

HPy AUG-cc-pVDZ 065  -7.14 -649 560 495

Mpy | 6-311++G(2d.2p) 178 869 692 688  -5.10

AUG-cc-pVDZ 195 903 -7.08 723  -528

paLyp 0311++G(2d.2p) 043 759 716 550  -5.07

HPa AUG-cc-pVDZ 057 766 -7.09 564 507

! Mpy | 6-311++G(2d.2p) 1.65  -932 767 112 -547

AUG-cc-pVDZ 1.87 974 787 163  -5.76

paLyp 0311++G(2d.2p) 051 755 -7.04 597 -546

HPa, AUG-cc-pVDZ 051  -748 697 -550 -4.99

Mpy | 6-311++G(2d.2p) 168  -889 721 685  -5.17

AUG-cc-pVDZ 197  -954 757 741 545

BaLyp 0311++G(2d.2p) 064  -922 858 678 -6.14

HPa AUG-cc-pVDZ 052 931 879 697 645

: Mpy  6311++G(2d.2p) 201  -1040 -839 776 575

AUG-cc-pVDZ 223 1102 -879 849  -6.26

D,” = Electronic binding energy (D,) + BSSE, D, = D, + AZPE, D,”* = D, + BSSE.

Basis set superposition errors (BSSE)" introduce a significant correction in
the calculation of energies and have been considered in most recent studies. From
Table-1, the relative stabilities of all isomers of the nitrosamine dimers based on
their D" are in decreasing order: HPa; > HPa, > HPa, > HPz > HPi, > HPi,. The
amines complexes are the most stable complexes.

The relative thermodynamic properties (activation energies, activation free
energies, reaction enthalpies, reaction free energies) of all transition-states of their
interconversions, computed at the B3LYP/AUG-cc-pVDZ and MP2/AUG-cc-pVDZ
levels of theory are shown in Table-2.

The activation energies of the reactions are in the increasing order: HPi, —
HPa, < HPi; — HPa, < HPz — HPa;. Activation energy di-proton transfer less than
monoproton transfer, in the middle of monoproton transfer H from O to N energy
less than H from N1-N2. This may be explained within the principle of the minimal
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TABLE-2
THERMODYNAMIC QUANTITIES, TRANSITION-STATES OF THE
NITROSAMINE-H,O,, COMPUTED AT THE B3LYP/AUG-cc-pVDZ
AND MP2/AUG-cc-pVDZ LEVELS OF THEORY

Reactions

B3LYP/AUG-cc-pVDZ AE' AH' AG' AE° AH® AG®
TS-HPi -HPa, 21.38 21.38 21.30 1.63 1.63 1.34
TS-HPi,-HPa, 8.13 8.13 10.84 2.03 2.03 1.90
TS-HPz-HPa, 50.24 50.24 50.06 1.37 1.37 0.65
MP2/AUG-cc-pVDZ

TS-HPi -HPa, 28.89 28.89 29.09 1.71 1.71 0.84
TS-HPi,-HPa, 9.55 9.55 12.16 241 2.41 1.49
TS-HPz-HPa, 50.52 50.52 50.43 1.68 1.68 0.58

proton affinity difference between donor and acceptor'®. The effect of proton affin-
ity difference between donor and acceptor on the proton transfer.

All the reactions were found to be the endothermic processes. The proton-transfer
processes via TS-HPi,-HPa,, TS-HPi,-HPa, and TS-HPz-HPa; occur between atoms
O1, N2 and N1, O1, O2 and N1, N2, respectively. Based on the proton-transfer
transition-states, the interconversions via transition-state structures of the nitrosamine
isomers-H,0, are able to be classified into two types namely (i) monoproton transfer,
MPT and (ii) di-proton transfer, which imaginary frequencies of TS-HPi,-HPa,,
TS-HPi,-HPa,, TS-HPz-HPa; corresponding transition-states are, respectively,
1838.4i, 1612.88i, 2033.61i (Table-3).

TABLE-3
TYPES OF TRANSITION-STATE STRUCTURES COMPUTED
AT THE MP2/AUG-cc-pVDZ LEVEL OF THEORY

Types of transition-state (TS)

Mono-proton transfer TS"’ Di-proton transfer TS™
TS-HPi,-HPa, 1838.4i TS - HPi2- HPa2 1612.88i
TS-HPz-HPa, 2033.61 - -

a: Transition-state, imaginary frequency in cm'. b: Intramolecular proton transfer. c:
Intermolecular proton transfer.

Frontier MO energies and chemical indices: The energies of the lowest
unoccupied molecular orbital (LUMO), Erumo and the highest occupied molecular
orbital (HOMO), Enomo at the BALYP/AUG-cc-pVDZ and MP2/AUG-cc-pVDZ
levels and frontier molecular orbital energy gap, AEnomo.Lumo, chemical hardness,
chemical potential and Mulliken electronegativity of all isomers of the nitrosamine
isomers-H,O, computed at the B3LYP/AUG-cc-pVDZ and MP2/AUG-cc-pVDZ
levels are shown in Table-4.

The chemical hardness, electronic chemical potential and electronegativity are
important tools to study the relative stabilities of different isomers of a molecular
system. The chemical reactivities and electronegativity of all the isomers of the
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nitrosamine isomers -H,O, based on their frontier molecular energy gaps are in
decreasing order: HPa; > HPa, > HPa, > HPz > HPi, > HPi,.

TABLE-4
E, ;o AND E, 0 ENERGIES AND FRONTIER MOLECULAR ORBITAL ENERGY GAP,
AE,0n0 1umo OF ALL ISOMERS  OF THE NITROSAMINE DIMERS COMPUTED AT THE
B3LYP/AUG-cc-pVDZ AND MP2/AUG-cc-pVDZ LEVELS OF THEORY

Complex Eiovo' Buwo' ABwovormwo' M p X p°

B3LYP/AUG-cc-pVDZ

HPi, -7.94 -2.00 5.94 297 497 497 220
HPi, -7.90 -2.03 5.87 294 497 497 1.46
HPz -7.97 -2.20 5.77 2.88 -508 508 261
HPa, -7.22 -2.00 5.23 261 -461 461 3.60
HPa, -7.18 -1.92 5.26 263 -455 455 223
HPa, -7.28 -2.06 522 261 -467 467 375
TS-HPi,-HPa, -8.22 -2.27 5.95 297 524 524 266
TS-HPi,-HPa, -7.50 -2.24 5.26 263 -487 487 252
TS-HPz-HPa, -7.91 -0.28 7.63 3.82 -409 409 3.05
MP2/AUG-cc-pVDZ

HPi, -12.63 1.02 13.64 6.82 581 581 2.21
HPi, -12.62 0.94 13.56 678 584 584 1.58
HPz -11.58 1.04 12.63 631 527 527 2387
HPa, -11.98 0.83 12.82 641 -557 557 3.57
HPa, -11.94 0.88 12.82 641 -553 553 236
HPa, -12.04 0.76 12.79 640 564 564 372
TS-HPi,-HPa, -11.96 0.91 12.88 644 553 553 282
TS-HPi,-HPa, -11.97 0.90 12.88 644 553 553 264
TS-HPz-HPa, -12.68 0.21 12.89 645 -623 623 3.30

a: In eV. b: chemical hardness, N = AE;;0,—LUMO/2. c: electronic chemical potential, p =
(Epomo + ELumo)/2. d: The Mulliken electronegativity, ¥ = A(Eyomo + ELumo)/2- €: In debye.

As the acceptor strength is the inverse of the E;ymo energy, the acceptor strength
of the nitrosamine isomers at the B3ALYP/AUG-cc-pVDZ level of theory is in the
decreasing order: HPz > HPa; > HPi, > HPi, > HPa, > HPa,. On the other hand, as
the donor strength relatives to the Enomo energy, the donor strength is in the
decreasing order: HPz > HPi, > HPi, > HPa; > HPa, > HPa,. The relative reactivity
based on their frontier molecular orbital energy gap is in the decreasing order:
HPa3 > HPa1 > HPaz > HPz > HP12 > HPI]

The nitrosamine isomers-H,O, computed at the B3LYP/AUG-cc-pVDZ and
MP2/AUG-cc-pVDZ levels are shown in Table-4 that the Hi2 complex is the least
polar molecule.

Conclusion

Ab initio molecular orbital and DFT calculations have been carried out for
tautomerization, 2 imino tautomers and 1 zwitter ionic to amino (most stable species
of the nitrosamine isomers) in reaction of HNNOH-H,O,. The structures and transition
states were optimized using B3LYP and MP2 methods with 6-311++G(2d,2p), AUG-
cc-pVDZ basis sets.
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The amines complexes are the more stable than imino and zwitter ionic complexes.
The activation energies of the reactions are in the increasing order: HPi, — HPa, <
HPi;, —» HPa, < HPz — HPa;. Activation energy di-proton transfer less than
monoproton transfer, in the middle of monoproton transfer H from O to N energy
less than H from N1 to N2. This may be explained within the principle of the
minimal proton affinity difference between donor and acceptor'®. The effect of proton
affinity difference between donor and acceptor on the proton transfer. The chemical
reactivities and electronegativity of all isomers of the nitrosamine isomers-H,O,
based on their frontier molecular energy gaps are in decreasing order: HPa; > HPa,
> HPa, > HPz > HPi, > HPi,.

The relative reactivity based on their frontier molecular orbital energy gap is in
the decreasing order: HPa; > HPa, > HPa, > HPz > HPi, > HPi,. The Hi2 complex
is the least polar molecule.
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