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The mechanism of the reaction of [1,2-benzisotellurazoH3}{@ne], ebtellur derivative2__Te, with
peroxynitrous acid, HOONO, was elucidated at the density functional (B3LYP) level by using&riplality

basis sets (BS1). It was found that in the gas phase the reaction, proceeding via the concerted pathway,
occurs withAH = 0.3 (AG = (3.4)) kcal/mol HO-ONO bond cleavage barrier. T value of this barrier

is only slightly larger than the (2.2) kcal/mol required for the HONO bond homolysis. Inclusion of the
solvent effects at the single-point PCM level increases the-B®O activation barrier to 5.8 kcal/mol. The
product of the HG-ONO bond cleavage b¥__Te is the complex2__Te(OH)(ONO), which could decay via

two distinct pathways leading to NOt+ 2__Te(OH)* and2__Te(O) + HONO. Both processes are endothermic

in the gas phase: 23.7 (11.4) and 26.4 (14.5) kcal/mol, respectively. The inclusion of solvent effects makes
the2_Te(O) + HONO formation more favorable in water. The comparison of the reacti@n bf + HOONO

for M = Se and Te shows that the HONO bond cleavage is fast for both metals, in the gas phase. However,
the probability of competition in the concerted and stepwise pathways is higherfoi®ithan for M= Se.

The reaction o2__Sewith HOONO produces only selenoxide_Se(O) while the reaction oR__Te with
HOONO may produce the intermedidte Te(OH)(ONO) and2__Te(O) + HONO. We also compared the
mechanisms of the reactions &f Te with ONOO™ and HOONO.

I. Introduction CHART 1: Schematic Presentation of the Se and Te

Compounds Used in This Work
Peroxynitrite anion (ONOG, PN) and its protonated form, P

peroxynitrous acid (HOONO), have attracted great interest over

the past several decades. It has been demonstrated that

peroxynitrit¢ and the radicalsOH and NQ* formed upon

homolysis of HG-ONO react rapidly with numerous bio- \
molecules, and could be involve in many disease staféere- N—R
fore, the search for drugs that can intercept this powerful /
oxidizing and nitrating agent and detoxify it becomes an M
important task.

One of the effective exogenous defense lines against PN M= Se and R=Ph - 1,Ebselen
toxicity is the glutathione peroxidase (GPx), a selenium- M= Se and R=H © 28e
containing enzyme that destroys peroxides through their catalytic
reduction by thiol glutathione (GSH)This enzymatic process M= Te and R=Ph - 1, Ebtellur
prompted us to test a variety of organo-selenium compounds M= Te and R=H - 2Te

against peroxynitrité,among which ebselen (Chart 1) is the
most promising. The search for better selenium-containing ference between the reaction mechanisms of selenides and
antioxidants is continuing, and recenflyt, was reported that  tellurides!® We believe that the elucidation of the differences
allyl 3-hydroxypropyl selenide exhibits even better GPx activity and similarities of the organo-selenium and analogous organo-
than ebselen. tellurium compounds is very important for designing better
Simultaneously, the focus of experimental studies has ex- antioxidants against peroxynitrite.
tended to the organo-selenium analogues: organo-tellurium In our previous papers we analyzed in detail the mechanisms
compounds. Some organo-tellurium compounds have beenof the reactions of ebseleth (S€ and its numerous derivatives
shown to exhibit potent antioxidative properties and higher GPx- (see Chart 1) with PN and HOONO!S® as well as the
like activity than their selenium analogu¥s!* The observed mechanism of ebtellur derivati&_Te (see Chart 1) with PN’
different peroxynitrite reduction rates for organo-selenium and This paper is a continuation of our previous studies, and
analogous organo-tellurium compounds suggests a basic dif-elaborates on the mechanism of the reactior2ofTe with
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HOONO. In addition, in this paper we compare the mechanism TABLE 1. B3LYP/BS1 Calculated Relative Energies (in

of the reaction kcal/mol) of All Structures Reported Here
gas phase
2_Te+ HOONO Q) AE+
. . structures AEw ZPC AH AG  water
with that for the reactions -
2_Te+ cisHOONO 0.0 0.0 0.0 0.0 0.0
2_Te(HOONO) with_OH —7.6 -7.1 —-64 1.7
2_Se+ HOONO (2) 2 Te(HOONO) with N -59 -53 —-45 31
2_Te(HOONO)_with_H -5.3 -5.0 -5.2 6.1
and 2_Te-TS1(0-O activ.) -68 -69 —-61 34 58
2_Te(OH)(NOy) -52.4 -50.9 —50.8 —38.5 —45.0
- 2_Te(O)(HONO) —36.0 —35.2 —35.2 —24.8
2_Te+ ONOO @) 2_Te(OH)+ NO, -26.8 —275 —27.1 —27.1 —18.2
2 _Te(O)+ HONO —245 —245 —24.4 —240 —275

reported earliet®17 Similarities and differences of the reaction
of 2_M + ONOO™ for M = Se and Te were analyzed in our

recent papéf and will not be repeated here. Recently, Musaev and co-workétseported the B3LYP/6-

In general, the reaction &_M with HOONO may occur  311+G(d,p) studies of the mechanisms of the reactions of
via one- and/or two-electron oxidation pathways. The one- dimethyl sulfide (DMS) and dimethylselenide (DMSe) with
electron oxidation may proceed via either hydroxyl radical peroxynitrite anion, ONOO, and peroxinitrous acid, HOONO.
intermediate (possibly generated from HONO homolysis)  They found that the gas-phase reactions with ON@@&ceed
or the metastable reactive intermediate, ONOGHAIlterna- via an O-atom transfer mechanism and produce the correspond-
tively, the two-electron oxidation pathway involves O-atom jng oxides (DMSO and DMSeO, respectively) andN@nion.
transfer from peroxynitrite t@_M to form the corresponding  The rate-determining barrier, the-@ bond cleavage, is found
oxides. Thus, peroxynitrite reactions with organic and inorganic to be higher by 67 kcal/mol for DMS than for DMSe,
species are certainly more complex than simple “oxygen atom” indicating that DMSe is more reactive toward ONO@han
transfer, and the elucidation of their mechanisms I’equil’es morepmMsS. The inclusion of solvent effects decreases the rate-
comprehensive (both experimental and theoretical) studies.  determining barrier and makes it less than 13.5 kcal/mol in

Furthermore, a majority of the reactions involving peroxy- aqueous solution for the DMS reaction. The reaction of DMS
nitrite take place in hydrophobic environments or in aqueous wijth cisHOONO might proceed via two distinct pathways,
solution with a high content of organic material, at lipid/water stepwise (starting with homolysis of the H@NO bond to
or on gas/liquid interfaces, and, in general, are solvent depend-giscrete HOand ONO radicals) and concerted (proceeding via
ent. Therefore, elucidation of the role of solvent effects on the an O-0 bond C|ea\/age transition State), and is much faster than
mechanism of the reaction @ _Te with peroxynitrite is very  that with ONOO'. It is predicted that the reaction of DMS with
important. In the present paper we include the solvent effects HOONO in the gas phase most likely proceeds via the stepwise
in the calculations using the single-point Polarizable Continuum pathway only after including entropy effects. However, in the

Modef'® approach. _ _ _ solution phase the stepwise and concerted pathways will
Previously, several theoretical studies on the reaction of the effectively compete with each other.

peroxynitrite with various organic and inorganic molecules have

been reported? 22 The B3LYP/6-31G* calculations of Houk || calculation Procedures
and co-worker®? have demonstrated the existence of the _ _ _
hydrogen-bonded [H®--NO>] radical pair, which is predicted All calculations were performed with the quantum chemical

to be involved in the peroxynitrite-to-nitrate isomerization and package GAUSSIAN-98! The geometries, vibrational frequen-
one-electron oxidation processes. However, the recent studiesies, and energetics of all structures were calculated by using
of Musaev and Hirad® using higher level methods (such as the hybrid density functional theory, B3LY#In these calcula-
MP2 and CCSD(T)), and including entropy and explicit solvent tions, we used the 6-3#iG(d,p) split-valence basis sets for all
effects in the calculations, did not support the existence of this atoms except Te. For Te, we used the StuttgBresden
radical pair. Shustov and co-work&sspplied computational  relativistic effective core potential and associated basig®set.
methods to study the mechanism of aliphatie-kC bond The combination of these basis sets will be called BS1.
oxidation in methane, propane, isobutane, propene, and 1,4-Previously, we have demonstrated that the B3LYP/BS1 ap-
pentadiene with peroxynitrous acid and peroxynitrite anion. proach provides very good agreement with experimental values
They analyzed three different mechanisms, namely, (a) directfor the optimized geometries of the numerous Te-containing
oxygen insertion into the €H bond (two-electron oxidation), ~ species’ In this paper we extended the calibration of the
(b) H-atom abstraction (one-electron oxidation), and (c)jHO methods used and the basis sets for the various compounds of
ONO bond homolysis to form the hydroxyl radical. Their data S, Se, and Te. Data presented in Table 1S of the Supporting
included entropy effects and supports the mechanism c, anlnformation show that the increase of basis sets of O, S, and Se
involvement of discrete hydroxyl radicals in lipid peroxidation from 6-31H-G(d,p) to 6-31%#G(3df,p) slightly improves the

by O, initiated in the presence of peroxynitrite. Musaev and agreement between the calculated and experinféntlies of
co-workerd516arrived at similar conclusions on the mechanisms M—M and M—O bond distances for M= S and Se. Further

of the reaction of ebselen (and its derivatives) with peroxynitrite improvement of the basis set to the aug-cc-pvqgz set for S and
using the B3LYP/6-311+G(d,p) approach. These calculations O has an insignificant effect on the calculated bond distances.
demonstrated that, at the enthalpy level, the two-electron The BS1 basis set used for Te compounds provides slightly less
oxidation of ebselen (and its derivatives) is energetically the accurate bond distances for;Tand TeO molecules compare
most favorable pathway both in the gas phase and in solution. to their S and Se analogues.

However, the inclusion of entropy corrections makes the one- However, the M-M and M—O binding energies calculated
electron oxidation pathway the most favorable in the gas phase.at the B3LYP/BS1 level for M= S, Se, and Te are in equally
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reasonable agreement with their experiméntahlues: the [ll. Results and Discussions
difference between their calculaté&dH and experimental values

is within 5-10 kcal/mol (see Table 2S of the Supporting
Information). The increase of basis sets from 6-8&Ld,p) to
6-311+G(3df,p) for O, S, and Se only slightly improves this
agreement: thaH values of the SS, Se-Se, S-O, and Se-O
binding energies calculated at the B3LYP/6-313(3df,p) level
are—1.3,8.7,—1 + 2.3, and 4.4+ 5.1 kcal/mol different from
their experiment values, respectively. Again, further improve-
ment of the basis set to the aug-cc-pvgz for S and O has an

insignificant effect on the calculated bonding energies. Thus,
sulted molecular comple2_Te(HOONO) may have numer-
these data clearly demonstrate that the B3LYP/BS1 approachOus isomers. In this paper we isolated only three of them:

used in this paper provides reasonably accurate results for both2 Te(HOONO)_with_OH 2_Te(HOONO)_with _H

the geometry and energy of the S, Se, and Te compounds, whileanol 2_Te(HOONO)_with_N. Among these isomers, the

to obtain the most accurate results it is necessary to use the’z_Te(HOONO)_with_OH, where cisHOONO is coordi-
more expensive B3LYP/6-311G(3df,p) approach. nated to2-Te via its OH-end, is slightly more favorable: it is
Previously:® it was shown that the B3LYP/6-33G(d,p) 6.4 kcal/mol stable relative to the dissociation lifBit Te +
approach provides excellent geometries compared with the morecisHOONO at the AH level, while at the Gibbs free energy
sophisticated approaches, such as CCSD(T), G2, and CBS-Qjevel (AG) it is unstable by (1.7) kcal/mol (in this paper, we
using the 6-31+G(d,p) basis sets. However, #@nd other§-2° present theAH and AG values without and with parenthesis,
have demonstrated that the B3LYP/6-31G(d,p) approach  respectively). Below we elucidate only the reaction mechanism
underestimates the calculated energetic barriers by about 5 kcaltorresponding to the OH-end coordinationaé-HOONO to
mol compared to the CCSD(T) and QCISD(T) methods. In the 2-Te. The other possible coordination modescifHOONO
current paper we discuss relative energies calculated at the samep 2-Te are expected not to make significant contributions to
level of theory, therefore, we believe that any underestimation the mechanism of reaction 1.
of the calculated barriers by the B3LYP method will not affect At the next step of the reaction the #0902 bond cleavage
our general conclusions. occurs at theTS1(O—O activ.) transition state, which is
The solvent effect on the mechanism of reaction 1 was confirmed to be a real transition state with one imaginary
examined at the Polarizable Continuum Md@édvel with use frequency of 29Bcm™L. In TS1 the broken H®—0? bond is
of the BS1 basis set and the B3LYP/BS1 optimized geometries, elongated by 0.136 A, and the-ND? bond (z-bond) that is
referred to below as PCM-B3LYP/BSL1. In these calculations formed is shortened by 0.071 A, relative to their values in the
we used water as the solvents, the default dielectric constant ofpre-reactior2_Te(HOONO) complex. The nascent Fe&O°H
which was taken from the Gaussian-98 program. In the bond has a distance of 2.657 A. Thei value of the HG—0O?
literatureé® it was shown that PCM solvation effects are less bond cleavage barrier is calculated to be 0.3 kcal/mol relative
dependent on the basis set and on the calculation level. to the pre-reaction compleX_Te(HOONO). As seen in Table

Note that the thermodynamic analyses were carried out for a 1, theT inclusion of the entropy corrections destabilizes the pre-
temperature of 278.15 K and 1 atm of pressure, using the reaction comple2__Te(HOONO) andTS1 Therefore, the\G

> .
principal isotope for each element type and un-scaled vibrational value of the HG—C? bond cleavage barrier should be calculated

frequencies (all these conditions are defaults in the Gaussianfrom the reactants_Te + HOONO, and is found to be (3.4)

98 quantum chemical package that was used in these calcula—kcal/mmi . . .
Intrinsic reaction coordinate (IR€)calculations show that

tions).
? ) ) ) ) the product of the &-0? bond cleavage is the complex
This paper is organized as follows. In Section Ill.1, we discuss 2_Te(OH)(ONO), which lies 50.8 (38.5) kcal/mol lower
the mechanism of the reaction 2f Te + HOONO in the gas - - reactant2_Te + cisHOONO. The2_ Te(OH)(ONO)

phase and in water. We compare the potential energy S“rfaceﬁ)roduct could decav Vi . .
. . y via two distinct pathways. The first one,
(PESs) of the reactions @f_Te and2_Sewith HOONO, as 164 the dissociative or “radical” pathway, leads to Nénd

well as the reactions &__Te with PN and HOONO, in Sections 2_Te(OH)" radicals, and is endothermic by 24.7 (11.4) kcall

1.2 and I11.3, respectively. In the final section, Section IV, we 0| Note that the dissociation 8f_Te(OH)(NO,) to HO and
draw conclusions from these studies. 2_Te(NOy") is expected to be slightly less favorable and will
Note that the peroxynitrite anion (ONOQ) peroxynitrous not be discussed.
acid (HOONO), as well as the possible nitrogen-containing The second process s[arting from the s@]lé'e(OH)(NOZ)
products of the reaction &_Te with HOONO and PN, and  complex is the H-atom transfer pathway. It proceeds via the
the molecules N@ NO,~, NOs~, and HONO have been the  H-atom transfer from the OH to the ONO fragment and leads
subject of numerous studiés.Therefore, here we will not g the 2__Te(O)(cissHONO) complex, which is confirmed to
discuss those molecules, while we include their calculated pe a real minima with all positive frequencies. The reaction
geometries and energetics in Tables 3S and 4S of the Supporting_ Te(OH)(NO,) — 2_Te(0)(cis-HONO) is endothermic by
Information. Here, we would like to point out that the previous 15.6 (13.7) kcal/mol. All our attempts to locate a transition
studie$? of peroxynitrous acid, HOONO, have shown that the state 2_Te-TS2(H-transfer)) connecting2_Te(OH)(NO)
cis-perp and cis-cis isomers of this molecule are energetically with 2_Te(O)(cisHONO) failed and led either to the
the lowest ones, and are practically degenerate in energy andeactant complex2_Te(OH)(NO,) or to the product com-
can easily rearrange to each other. Therefore, we study theplex 2__Te(O)(cisHONO). These calculations indicate that
reaction of2__Te with the only cis-cis isomer of HOONO (for  the H-atom transfer barrier calculated from the complex
simplicity, below we refer teis-cisHOONO as €is-HOONO”, 2_Te(O)(cisHONO) is very small because of the high
see Figure 1). exothermicity of the reaction2_Te(O)(cisHONO) —

III.L1. The Mechanism of the Reaction of 2_Te with
HOONO in the Gas Phaseln general, the reaction &f_Te
with HOONO, reaction 1, may proceed via two pathways:
stepwise and concerted. The calculated important geometrical
parameters of the intermediates, transition states, and products
of reaction 1 are shown in Figure 1. Their relative energies are
presented in Table 1.

We first address the concerted pathway, which starts
with coordination ofcisHOONO to reactan_Te. The re-
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2 Te ¢is-HOONO 2_Te(HOONO)_with_OH

2 Te-TS1{0-0 activ.)
Nimag=1, V; =299 cm™!

2_Te(OHYONO)

ZC' N2 Te O = -60.4
ZO0 TeN?= 1566

) 2_Te(OH)
2_Te(O)(HONO)

Figure 1. Calculated important geometries (distances in A, angles in deg) of the reactants, intermediates, transition states, and possible products
of the reaction o2_Te with HOONO.

2_Te(OH)(NOy). The dissociation of HONO from the complex 2_Te(OH)* and NQ° radicals or to2_TeO and HONO
2_Te(O)(cisHONO) is a very easy process and occurs with molecules. N@dissociation occurs with slightly, 2.7 (2.9) kcal/
10.8 (0.8) kcal/mol energy loss. mol, less energy loss than the dissociation of HONO.
Comparison of these two processes, which start from the The first step of the alternative, stepwise, pathway is the-HO
complex 2_Te(OH)(NO,), shows that both of them are ONO homolysis to yield the radicals HGnd NQ°. This
endothermic: 23.7 (11.4) and 26.4 (14.5) kcal/mol for the homolysis proceeds with an energy of 12.3 (2.2) kcal/mol in
2_Te(OH)* + NO,* and2_TeO + HONO dissociation limits, the gas phase, according to the B3LYP/6-BG(d,p) cal-
respectively. Thus, in the gas phase, one may expect the finalculations. The B3LYP method with the larger basis sets,
product of the reactior2_Te + HOONO to be the com- 6-311+G(3df,p), makes it 14.7 (3.9) kcal/mol. The previous
plex 2_Te(OH)(NOy), which can later dissociate either to calculations at the various levels of theory predicted an enthalpy
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Barriers are:

0.9(11.4)
6.1(3.4)

Oﬂmvvﬂvm

12.32.2)

-34.8(-21.1)
-50.8(-38.5)

2_M-TS2 (H-transfer)

Musaev and Hirao

AH(AG) (in keal/mol) { 0.9(11.4)
0.3(3.4)

A—TSI (0-O activ.)

2 M+ °OH + NO,

-25.3(-24.9)
345(:23.7) 24 4(-24.0)
-35.2(-24.8) e 2_M(0) + HONO

2 M(OH) + NO,
-12.1(-12.8)
27.1(:27.1)

Structures

[ I I
2_M(HOONO)-with_OH 2_M(OH)(NO,)

I I I
2_M(O)(HONO)

Figure 2. Schematic representation (basedAdd values) of potential energy surfaces of the reaciog + HOONO, for M= Se (the first line)
and Te (the second line), calculated at the B3LYP/6-3G1d,p) and B3LYP/BSL1 levels, respectively. Here, we have presented energies of only
the lowest possible isomers of calculated intermediates and transition states. The numbers outside the pareftHeggsesewhile those inside

the parentheses areG values.

of 20—22 kcal/mof%4:34for HO—ONO homolysis in the gas
phase. Recently, Janoschek and co-wofkeeportedAH and
AG values of 18.6 and (8.3) kcal/mol for HGDNO homolysis

311+G(d,p) and B3LYP/BS1 approaches used in this paper
underestimate both the concerted-O bond cleavage barrier
and the HG-ONO bond homolysis. However, the values of

in the gas phase using the more sophisticated G3MP2B3 methodthese underestimations are shown to be similai7(&cal/mol),

The experimentally reportétlenthalpy and Gibbs free energy
of HO—ONO homolysis are 24 3 and 11+ 3 kcal/mol in
the gas phase and 1& 1 and 17+ 1 kcal/mol in water,

and therefore unlikely to affect the conclusion above.
Inclusion of the solvent effects at the single-point PEMvel
(PCM calculations provide the value calla&(solution), which

respectively. These data clearly show that (a) the entropy effectdoes not include zero-point energy and entropy corrections, and
is significantly smaller in water than in the gas phase and (b) should be compared only with th€E value for the gas phase)
the B3LYP/6-31#G(d,p) approach used in this paper under- destabilizes th&__Te(HOONO) complex and thdS1 (O—O

estimates the HOONO homolysis by 67 kcal/mol and should
be used with great care.
In the next step, the HGnd NG radicals coordinate to the

activ.) transition state relative to the reactants, and slightly
increases the ©0 activation barrier to 5.8 kcal/mol.
Furthermore, the solvent effects change the dissociation

2__Te complex step-by-step and/or simultaneously to form the energy of2__Te(OH)(NO,) to radicals N@ and2_Te(OH)"

2_Te(OH)*, 2_Te(NOy)*, and 2_Te(OH)(NO2) products,
respectively. Our calculations show that HEbordinates to
2_Te a few kilocalories/mole more strongly than M@loes.

only slightly: from 25.6 kcal/mol in the gas phase to 26.8
kcal/mol in water. However, they significantly reduce the
2_Te(OH)(NOy) to 2_Te(O) + HONO dissociation energy:

Therefore, below we will not discuss the structure and energeticsfrom 27.9 kcal/mol in the gas phase to 17.5 kcal/mol in water.

of the less stable2__Te(NO,) complex. The2_Te(OH)

As a result, the H-atom transfer pathway becomes more

complex, the structure of which is given in Figure 1, is 39.4 favorable in water. The reported 17.5 kcal/mol dissociation

(29.3) kcal/mol stable relative to the dissociation limiofTe
+ HO-.
The overall potential energy surface of the reactio offe

energy of the2__Te(OH)(NO,) — 2__Te(O) + HONO reaction
does not include entropy and temperature corrections, which
are estimated to be 11.4 kcal/mol from the gas-phase studies at

with cissHOONO consists of both the concerted and stepwise the B3LYP/6-31#G(d,p) level. Thus, while the inclusion of
pathways and is shown in Figure 2 (for simplicity this figure entropy and temperature corrections will reduce this dissociation
does not include the weakly bound pre-reaction complex energy, the comple2_Te(OH)(NO,) is expected to be stable

2_Te(HOONO) and theH-transfer transition state).

relative to the most favorab2_Te(O) + HONO dissociation

The comparison of the data given in Figure 2 shows that, at limit by a few kilocalories/mole.

the AH level, in the gas phase, reaction 1 proceeds via the

Il1.2. Comparison of the Mechanisms of the Reaction of

concerted pathway with only a 0.3-kcal/mol barrier, calculated 2_M + HOONO for M = Se and Te.The overall PESs of

from the pre-reaction compleX_Te(HOONO). However, the
inclusion of entropy correctionsAG values) makes the con-
certed G-O bond cleavage barrier (3.4) kcal/mol, which is
larger than the (2.2) kcal/mol required for H@ONO bond
homolysis. Therefore, one may expect that atAliglevel the

the reaction of2_M + HOONO for M = Se (previously
reported® ) and Te in the gas phase are presented in Figure 2.
As this figure shows, the ©-0° bond cleavage is a fast process
for M = Se and Te. However, it is much faster for # Te
than for M= Se. Furthermore, the probability of competition

stepwise pathway to be more favorable than (or comparablein the concerted and stepwise pathways is higher fo=Ne
to) the concerted one. As pointed out above, the B3LYP/6- than for M= Se.
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However, a noticeable difference in the mechanism of reaction inclusion of these effects (which are estimated to be 11.4 kcal/

1 (M = Te) and reaction 2 (M= Se) comes from the comparison
of the stability of the product complex@s M(OH)(ONO). For

mol from the gas-phase studies at the B3LYP/6-BG1d,p)
level) will reduce this dissociation energy, and the complex

M = Se, this complex is less stable and easily dissociates to2_Te(OH)(NO,) is expected to be stable to the most favorable

2_Se(0O)+ HONO and2_Se(OH} + NO,*. The formation
of 2_Se(0O) and HONO is the more favorable channel and

2_Te(O) + HONO dissociation limit.
Thus, reaction o2__Te with ONOO™ occurs very fast and

occurs with only 9.5 (3.7) kcal/mol energy loss, in the gas phase. leads to2__Te(O) and NO, ™ in solution. Although the reac-

On the contrary, for M= Te, the produc2_M(OH)(ONO) is
thermodynamically more stable th@n Te(OH)* + NO,* and
2_Te(O) + HONO dissociation limits by 23.7 (11.4) and 26.4
(14.5) kcal/mol kcal/mol, respectively. Thus, its dissociation to
the2_Te(OH)* and NQ' radicals is the most favorable channel

tion of 2_Te with HOONO is also fast, it leads to the
2_Te(OH)(ONO) complex and2_Te(O) + HONO products.
Therefore, it is expected that telluroxi@e Te(O), along with
the complex2_Te(OH)(ONO), could be involved in the
reduction process by thiols (GPx activities &f Te), which

in the gas phase. The inclusion of solvent effects makes thewill be reported elsewhere.

2_Te(O) formation process more favorable. In summahg
reactions of2_Seand 2_Te with HOONO proceedery fast.
However, the reaction o2_Se with HOONO produces only
the selenoxide2_Se(O) while the reaction of2_Te with
HOONO leads to the intermediaB_Te(OH)(ONO) which is
a few kilocalories/mole more stable relegi to the most
favorable dissociation limit o2__Te(O) + HONO.

111.3. Comparison of the Mechanisms of the Reaction of
2_Te with PN and HOONO. Now, let us compare the
mechanisms of the reactions & _Te with ONOO™ and
HOONO.

Previously!” we have studied the mechanism of the reaction
of 2_Te+ ONOO™ and found that it proceeds via the formation
of 2_Te(ONOO™) complex with 39.9 (28.9) kcal/mol com-
plexation energy followed by 10.7 (10.1) kcal/mo-Q bond
cleavage barrier resulting in t2e_Te(O)(NO, ") product.More
importantly, the transition state corresponding to the O bond
cleavage lies about 29.2 (18.7) kcal/mol lower than the
reactants, indicating that the ©0 activation process should
occur extremely fast in the gas pha$ee rate-determining steps
of the entire reaction are NO dissociation leading t8__Te(O)

+ NO;27, and NQ~ formation via the transition statz_Te-
TS2. Both processes start from the sar@eTe(O)(NO;™)
complex and occur by 36.6 (25.9) and 26.6 (26.9) kcal/mol
energy loss, respectively. Since the NGQormation barrier at
2_Te-TS2 is only (1.0) kcal/mol higher than the NO
dissociation energy, we predict that nitrate formation will
effectively compete with the N£ dissociation during the
reaction of2_Te with PN in the gas phase. The inclusion of
solvent effects makes the reactionZfTe + PN more facile
and stabilizes the N© dissociation pathway over the nitrate
formation one, and consequently makes the peroxynitrite
nitrate isomerization practically impossible. In water, the
2_Te(O)(NO,) — 2_Te(O) + NO,~ dissociation energy is

IV. Conclusions

From the above discussion we may draw the following
conclusions:

(1) In the gas phase, reactionf Te with HOONO proceeds
via the concerted pathway with onlyAH = 0.3 kcal/mol HO-
ONO bond cleavage barrier, calculated from the pre-reaction
complex2_Te(HOONO). However, the inclusion of entropy
corrections AG values) makes the concerted HONO bond
cleavage barrier (3.4) kcal/mol, which is larger than the (2.2)
kcal/mol required for the HOONO bond homolysis, calculated
at the B3LYP/BS1 level. Thus, in the gas phase, the stepwise
pathway is more favorable than (or comparable to) the concerted
one, after including entropy corrections. Inclusion of the solvent
effects at the single-point PCM level increases the HINO
activation barrier to 5.8 kcal/mol, calculated from the reactants.

(2) The product of the HOONO bond cleavage bg_Te
is the complexX2_Te(OH)(ONO), which could decay via two
distinct pathways leading to NO+ 2__Te(OH)* and2_Te(O)

+ HONO products. Both processes are endothermic (23.7 (11.4)
and 26.4 (14.5) kcal/mol, respectively) in the gas phase. The
inclusion of solvent effects stabilizes tRe_Te(O) + HONO
products more than N+ 2__Te(OH)*, and makes the former
process more favorable in water. It is expected (even in water)
that the final products of the reaction®f Te + HOONO will

be 2_Te(OH)(NO,) intermediate and2_TeO and HONO
molecules.

(3) The comparison of the PES’s of the reactidnM +
HOONO for M= Se (reported earliéf) and Te shows that the
HO—ONO bond cleavage is fast for both # Se and Te: the
calculated HG-ONO bond cleavage barrier is smaller for M
= Te than for M= Se. The probability of competition between
the concerted and stepwise pathways is higher for Me than
for M = Se. The reaction &_Sewith HOONO produces only

calculated to be only 9.0 kcal/mol, not including entropy and selenoxide2_Se(O) while the reaction 02_Te with HOONO

temperature effects. The inclusion of these effects (estimatedmay produce the intermedia2e Te(OH)(ONO) and2_Te(O)
to be 12.2 kcal/mol from the gas-phase studies at the B3LYP/ + HONO.

6-311+G(d,p) level) will, most probably, make the complex
2_Te(O)(NO,") less stable relative to the dissociation limit of
2_Te(O) + NO; .

(4) Comparison of the PES’s of the reactiois Te +
ONOO™ (previously reportet) and2__Te + HOONO shows
that both reactions are fast. The reactio2ofTe with ONOO~

Similarly, in the gas phase, the rate-determining step of the leads to the2__Te(O) and NO,~ products, while the reaction

reaction of2__Te with HOONO is either the2_Te(OH)* +
NO,* or the2_TeO + HONO dissociation starting from the
complex2_Te(OH)(ONO), which occur with 23.7(11.4) and
26.4 (14.5) kcal/mol energy loss, respectively. Although the
inclusion of solvent effects makes tie_Te(O) + HONO
formation channel more favorable than Te(OH)* + NO-*,

the complex2_Te(OH)(NO,) may still exist in the potential

of 2_Te with HOONO leads to th@__Te(OH)(ONO) complex
and 2_Te(O) + HONO products. Therefore, telluroxide
2_Te(O), along with the 2_Te(OH)(ONO) complex, is
expected to be involved in the reduction by thiols (GPx activities
of 2__Te), which will be reported elsewhere.
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