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Abstract In this study, we apply a hybrid DFT functional,
MPWILYP, to make a comparison between MeSNO and
MeSeNO. Due to the mesomeric effect and negative
hyperconjugation, Se-nitrososelenols seem to be more
unstable than S-nitrosothiols regarding unimolecular de-
composition. Interestingly, however, the barrier of the
transnitrosation reaction of MeSeNO is larger than that of
MeSNO, disregarding nucleophiles in the gas phase. Using
the polarizable continuum model to consider the water
solvent effect, the transnitrosation reactions of MeXNO
and YMe (X =S, Se; Y =S, Se) are found to undergo
concerted reactions, in sharp contrast to the two-step
reaction pathways concluded in the gas phase. Moreover,
the barriers of the transnitrosation reactions of MeSNO
for nucleophiles SMe and SeMe from the gas phase to the
aqueous solution are found to be decreased, while the
transnitrosation reactions of MeSeNO are essentially
barrierless in aqueous solution.

Keywords DFT- MPWILYP- S-Nitrosothiol -
Se-Nitrososelenol - Transnitrosation reaction -
Polarizable continuum model

Introduction
Nitric oxide, which acts as an important biological messenger

in the cardiovascular system, has been known for more than a
decade. It has been suggested that NO is stored by a carrier
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molecule that preserves its biological activity [1-3]. Low
molecular weight thiols, such as cysteine and glutathione
(GSH), are prime candidates for such carrier molecules
because they can form S-nitrosothiols (RSNOs) with NO.
Also, RSNOs have been found to exhibit a variety of
biological properties similar to those of NO, including
vasodilation of arteries, inhibition of platelet aggregation,
smooth muscular cell proliferation, etc. [4-9]. Previous
studies on the physiological chemistry of RSNOs indicate
that they can undergo transnitrosation reactions (see
Scheme 1) [10-15]. The transfer of NO between different
thiols via transnitrosation is largely responsible for the
activity of RSNO in vivo, and has been suggested to be a
signaling mechanism for the control of cellular processes by
NO [16, 17]. Additionally, S-nitrosation of cysteine has
been proposed as a key factor in the regulation of protein
function [18]. It is well established that the transnitrosation
reaction is a reversible second-order reaction, namely first
order for S-nitrosothiol and first order for thiol [19].
According to previous studies, the rate of transnitrosation
is diminished by steric hindrance at the thiol group and is
increased by an increase in thiol acidity, elevated pH, and
enhanced electrophilicity of the nitrosothiol. These observa-
tions are in accordance with an Sy2 reaction, in which an
electrophilic RSNO is attacked by a nucleophilic thiolate
anion, as shown in Scheme 1. Electrospray ionization mass
spectrometry, NMR and theoretical calculations have further
proved the existence of an anionic intermediate, i.e. nitroxyl
disulfide, during this reaction [20-23]. For example,
following infusion of S-Nitroso-N-acetyl-penicillamine
(SNAP, 10 mM) in acetonitrile through an electrospray
nebulizer into an Agilent 1100LC/MSD ion trap, ions were
detected in a negative ion mode. The total ion spectrum
showed a strong peak, characterized as the SNAP carbox-
ylate anion (m/e 219) [20].
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Scheme 1 The proposed mechanism of transnitrosation

Recently, there have been several reports suggesting that
the interactions of NO (or NO-derived species) with the
SeH groups of selenoproteins are also involved in NO-
mediated cellular functions [24-30]. For example, an
essential selenium-containing antioxidant enzyme called
glutathione peroxidase (GPx) can be inactivated by treating it
with RSNO or endogenous NO [20-25], presumably through
the Se-nitrosation of selenocysteine [25, 27]. In contrast to
the extensive studies undertaken on S-nitrosothiols, however,
chemical information about their selenium analogues is
lacking to date despite their potential physiological
importance [31]. To elucidate the mechanism of NO-
mediated modification of selenoproteins, reference data on
Se-nitrosated species are thus indispensable. In this area,
Nagase and coworkers synthesized a Se-nitroselenol and
calculated its spectral properties [32], and Becker and
coworkers discussed the homolysis of Se-nitrososelenol
[31]. Owing to the weak 4p—2p orbital overlap, the
selenium—nitrogen bond of the SeNO group is expected
to be weaker than the sulfur—nitrogen bond of the SNO
group, such that Se-nitrososelenols are likely to be more
labile than S-nitrosothiols. Accordingly, Se-nitrososele-
nols are kinetically stabilized by bulky ligands to prevent
them from reacting with neighboring molecules. For
example, Goto and coworkers synthesized a stable Se-
nitrososelenol [33] by taking advantage of bowl-type
steric protection groups like Bpq [34], and investigated
the related thermolysis and photolysis [35]. Unfortunately,
despite such elegant studies, there is still insufficient
information about the relevant reactions of these mole-
cules, especially in the area of mechanical studies.

In this study, the transnitrosation reaction of Se-
nitrososelenols is investigated theoretically with the aim
of gaining more detailed insight into the associated reaction
thermodynamics and mechanism in both gas and aqueous
solution. Moreover, we anticipate that the results on Se-
nitrososelenols can be used to make a fair comparison with
the better-known sulfur analogues (S-nitrosothiol).

Theoretical methods

All calculations were performed using the Gaussian 03
program [36]. Parthiban and coworkers studied the gas-
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phase SN2 reactions of Y +CH3;X—CH3;Y+X (X, Y =F,
CL, Br) by using a series of high-level ab initio computa-
tional methods and eight DFT functionals, and concluded
that the MPW1K functional performed the best among all
the DFT functionals tested [37]. The MPWIK functional
can be viewed as a reparameterized MPW1PW91 function-
al to fit the barriers of chemical reactions [38]. Accordingly,
we chose MP2/6-31+G* and three hybrid DFT functionals
(MPWILYP, MPWIPWO91 and MPWI1K) with the same
basis set for this study [39, 40]. The core electron
excitations are neglected in our MP2 calculation. When
the same exchange functional (MPW) is used, the influence
on the results of changing the correlation functional
(MPWILYP) or hybridization parameters (MPW1PW91)
can be extracted from comparison of the results of hybrid
DFT functionals (hereafter designated as MP2, MPWI1LYP,
MPW1PW91 and MPW1K). All the stationary points have
been positively identified as equilibrium structures (the
numbers of imaginary frequency (NIMAG=0)) or transition
states (NIMAG=1). For all transition states, motion
corresponding to the imaginary frequency is checked
visually. To obtain more accurate energetic values, single-
point energy calculations were also performed at the BD
(T)/D95+*//MP2/6-31+G* [41] and added to the MP2-
optimized zero-point vibrational energies [hereafter desig-
nated BD(T)]. All energetic values mentioned are corrected
for unscaled zero-point vibrational energies. Additionally,
we performed NBO analysis to investigate the differences
between S-nitrosothiols and Se-nitrososelenols [42]. Polar-
izable continuum models (PCM), in which the cavity is
created via a series of overlapping spheres, were used to
consider the solvent effect of water on the transnitrosation
reaction [43]. The temperature of the aqueous solution was
set to 310.0 K, simulating body temperature, to mimic
physiological conditions. The most naturally abundant
isotopes were chosen for every element.

Results and discussion

The optimized DFT functional and basis set

Table 1 lists the calculated energetic values of the identity
reaction MeSNO + SMe™ — MeSNO + SMe  based on the
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Table 1 The calculatedEcop (in keal molfl),ETs and the energy of the intermediate (Ent) of MeSNO + SMe™ — MeSNO + SMe  using various

theoretical methods

MP2 MPWILYP MPWI1PW91 MPWI1K BD(T) B3LYP® MPWILYP’
Ecom® —143 —-12.0 -12.3 -12.4 -12.7 -11.6 —-12.0
Ers* -8.1 -6.9 —6.4 -5.0 —8.2 -7.1 =73
Ent’ —24.8 —14.0 —14.1 -9.6 -15.3 -15.3 —-15.0

*The energy standard is the infinitely separated reactants
®Results based on B3LYP/6-311+G*, see [20]

various theoretical methods applied in this study. For ease
of comparison, previous available results are also listed in
Table 1 [20]. It is reasonable to expect formation of a stable
complex as S-nitrosothiol and thiolate ion approach each
other. The stabilized energy with respect to the separated
reactants is designated as —Econ. Notably, the optimized
structures obtained using MP2, MPWI1LYP, MPWI1PW91
and MPWIK are all similar. Furthermore, according to our
results, even with the same exchange functional, the
combined correlation functional and the hybridization
parameters of a hybrid DFT functional may alter the
theoretical results significantly. As listed in Table 1, the
MPWILYP results seem to be the closest to those of BD
(T). The barrier (E,) of the transnitrosation reaction, defined
as Ers—Eqoms is calculated to be 5.1 and 4.6 kcal mol ' by
MPWILYP and BD(T), respectively. In contrast to a report
by Parthiban [37], MPW1K performs the worst among the
various theoretical methods tested in this study. The
previous B3LYP results of Houk et al. [20] were also in
agreement with those of BD(T), although the B3LYP
functional underestimated the barrier of the S\2 reaction
concluded by Schaefer et al. [44]. Furthermore, the basis set
effect on the transnitrosation reaction was investigated by
comparing the results of MPW1LYP/6-311+G* (designated as
MPWILYP’ in Table 1) with those of MPWILYP/6-31+G*.
Evidently, MPW1LYP’ is closer to BD(T) than is MPW1LYP.
Accordingly, the following discussion is based on the results
of MPWILYP’.

Thermodynamic comparison of MeSNO and MeSeNO

According to our previous study [45], the cis isomer of
RSNO is more stable than the #rans isomer, except for 3°
substituents like the -Bu group. Thus, the discussion here
is limited only to the cis form of MeSNO and MeSeNO.
This adoption is simply in agreement with the experimental
evidence that the C—Se-N-O linkage of BpqSeNO adopts a
syn conformation [34].

Based on MPWI1LYP’, the bond lengths of Se—N and S-N
are calculated to be 2.05 and 1.85 A, respectively. Note that
the bond length of S-N calculated by MPWILYP’ (1.85 A )
is longer than our previous B3P86/6-31++G** result (1.82 A)
[45]. Moreover, the MPWILYP’-optimized Se-N bond

length is in good agreement with that observed in the X-
ray crystallographic study of BpqSeNO (2.08 A) [34].

According to our previous results on S-nitrosothiols [45],
we found that two types of significant orbital interactions exist
in S-nitrosothiols: the mesomeric effect ((ns <> 7*n_0)) and
negative hyperconjugation (ngo < o*n_s). Also, we have
used the coordination of BH; and Cu" to check the effect of
individual interactions on the stabilities of S-nitrosothiols. It
was found that the mesomeric effect was compensated by the
columbic attraction between N and O, with the net effect
being a stabilizing factor on S-nitrosothiols. The high
reactivity of S-nitrosothiol was due to the strong negative
hyperconjugation. By NBO analysis, the strengths of the
corresponding orbital interactions in Se-nitrososelenols can
thus be extracted. Taking the mesomeric effect (ng <> 7T*\.0)
of S-nitrosothiols as an example, the interaction strength
between ng and 7m¥*\.o should be inversely proportional to the
corresponding energy gap. According to second-order pertur-
bation theory, the interaction energy E? of the mesomeric
effect can be written as Eq. 1:

<ns|]—[int|”;ﬁvfu>2 1
L. B (1)

N-0

E® =2

where E,s and Ej._o are the energy of ng and 7*\.o
orbitals, respectively, and Hy, is the interaction Hamiltonian.
The number 2 on the right side of Eq. 1 indicates the number
of electrons occupied on the ng orbital.

According to Eq. 1, the mesomeric effects are estimated
to be 22.8 and 21.1 kcal mol ! for MeSNO and MeSeNO,
respectively, while E@ of the negative hyperconjugation
are 49.3 (MeSNO) and 61.7 kcal mol™' (MeSeNO). Thus,
Se-nitrososelenol has similar mesomeric strength but
stronger negative hyperconjugation effects than does
RSNO. The eigenvalues of the corresponding orbitals and
their interaction energies are summarized in Table 2. For
comparison, relevant data reported previously are also listed
[46]. As listed in Table 2, MP2 seems to overemphasize the
stability of MeSNO because it predicts lower negative
hyperconjugation and stronger mesomeric effects as com-
pared with B3P86 or MPWILYP’. In addition to the
different strength of orbital interactions, there may be other
intrinsic properties that influence the stability order of
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Table 2 The eigenvalues of orbitals (in eV) and their interaction
energies (in kcal mol ') of RXNO (X = S, Se)

RXNO X=5 X = Se

n7o -0.3621 -0.3697
-0.3672°

nx -0.2651 —0.2440
-0.2872°

oxn 0.0255 —0.0384
0.0152°

oo™ —0.0499 -0.0827
-0.1220°

E@of ngo < oxxn 493 61.7
42.5°
29.0°

E@ of ny —7*no 22.8 21.1
32.3°
42.9°

#Results calculated by B3P86/6-31++G**, see [45]
®Values obtained by MP2/6-31+G*, see [46]

MeSNO and MeSeNO. For example, the 3p—2p orbital
overlap in S-N (MeSNO) is better than the 4p—2p orbital
overlap in Se-N (MeSeNO). Based on these results, S-
nitrosothiols seem to be more stable than Se-nitroselenols.
This relative stability order is also reflected from the
calculated homolytic bond dissociation energy (BDE) of
the N-S bond in MeSNO and that of the Se-N bond in
MeSeNO. BDEs for S—-N and Se-N bonds are calculated
to be 24.8 and 20.8 kcal mol ', respectively. Since the BDE
of the N-S bond in RSNO was reported to be sensitive to
the basis set, [47] we made attempts to apply a more
sophisticated theoretical level, e.g. G2, to reinvestigate the
BDEs of N-S and N-Se bonds. According to G2 results,
BDEs of N-S and N-Se are calculated to be 29.6 and 24.4
keal mol ™', respectively [48]. To allow a fair comparison
with previous results, our MPWILYP’ and G2-calculated
BDE:s are also listed in Table 3. Clearly, the MPWI1LYP’-
optimized BDE of the N-S bond is within the experimen-
tally determined value (20-28 kcal mol ") for RSNO [49].

Table 3 Bond dissociation energy (BDEs; in kcal mol™") of X-N
bond in RXNO (X = S, Se)

X=S X =Se
MPWILYP’ 24.8¢ 20.8
G2 29.6° 24.4
B3P86/6-3 1++G*** 35.4° -
B3P86/6-311++G(3df,3pd)" 34.2° -

#Results obtained from [45]
b Results obtained from [47]
°The experimental value is 20~28 kcal mol /| see [49]
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Other possible reactions between RSNOs and thiols

Upon changing the reagent ratios and experimental conditions,
evidence exists that other intermediates and products are formed
by RSNOs with thiols (see e.g., [50]). For example, the
reaction also often leads to the formation of a disulfide bond,
and site-specific S-thiolation by RSNOs is emerging as a
novel mechanism to modify proteins of functional importance.
In addition to the reaction pathway, forming a disulfide bond,
two other reaction pathways are also considered in this study
(see Scheme 2). For simplicity, the methyl group is taken as
the representative for both R and R’ sites in this approach.

The reaction pathways 1 and 2 in Scheme 2 can be
viewed as the transnitrosation reaction between RSNO and
a neutral thiol, not a thiolate anion. Reaction pathway 1 can
be recognized as a concerted reaction, while reaction
pathway 2 is a stepwise reaction in that the reactants
undergo TS2 to obtain an intermediate, INT2, followed by
a TS21 process to obtain the products. Reaction pathway 3
offers a possible mechanism to form a disulfide bond
between RSNOs and thiols, affording HNO and RSSR’ by
a concerted mechanism. It is possible that HNO is further
dissociated, giving rise to a proton and NO™. Similarly,
prior to the infinite separation of HNO and RSSR’ from TS,
it is expected that a stable complex, defined as ProdCOM,
can be formed via certain attractive long-distance inter-
actions such as van der Waals forces. Figure 1 summarizes
the optimized geometries of the relevant complexes (COM
and ProdCOM), intermediates (INT), and transition
states (TS) regarding the transnitrosation reaction; the
corresponding reaction pathways are shown in Scheme 2
(with MeSNO and MeSH as the representatives). The
calculated energetic values of all reactions mentioned are
summarized in Table 4. As shown in Table 4, the trans-
nitrosation reaction by MeSNO is more favorable with MeS™
than with MeSH. The overall mechanism of the trans-
nitrosation reaction between MeSNO and MeSH can be
summarized thus: MeSH dissociates to a proton and a thiolate
that immediately acts as a nucleophile to attack MeSNO (see
Scheme 1). This result is in agreement with that reported by
Barnett et al. [15] who, according to the correlation between
the rate constant of the transnitrosation reaction and pH
values, concluded that transnitrosation occurs via the thiolate
anion. Moreover, the reaction pathway yielding a disulfide
bond (pathway 3) is thermodynamically unfavorable.

Kinetic comparison between S-nitrosothiols
and Se-nitrososelenols

As shown in Table 4, transnitrosation between S-nitrosothiols
and thiolate anions is the most favorable pathway kineti-
cally. Therefore, we investigated similar reactions between
MeSeNO and SMe  or SeMe . Figure 2 shows the optimized
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Scheme 2 Other possible reaction path-  Reaction Pathway 1

ways between S-nitrosothiols and thiols

RSNO +R'SH

Reaction Pathway 2

Reaction Pathway 3
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R\ N /R
— = R'SNO+RSH
s/ S

\\H/
TSI
0----H O\
RSNO +R'SH ————> || — ’ H
R N----S N
N
\s/ RS/ \SR'
TS2 INT2
T_H
—_— P — > R'SNO+RSH
N—S
N
R'S/ R
TS21
I
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\
R
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structures of these two anionic reactions, the results of which
are similar to TS and INT depicted in Fig. 1, except for
COM. The energies calculated by MPWILYP’ for com-
plexes, intermediates and TSs are summarized in Table 5. As
listed in Table 5, the reaction barriers of MeSeNO with
respect to SMe  or SeMe are calculated to be 8.5 and
7.5 kecal mol ™', respectively. The transnitrosation reaction
between MeSNO and SeMe can be viewed as the reverse
reaction of MeSeNO + SMe , and its barrier can thus be
estimated via Etg—FEcowm. Accordingly, the barriers of the
transnitrosation reaction of MeSNO with respect to MeS  and
MeSe ™ are deduced to be 4.7 and 4.7 kcal mol ', respectively.
Independent of the nucleophile, i.e., SMe™ or SeMe , the
barrier of the transnitrosation reaction of MeSeNO is larger
than that of MeSNO. Furthermore, we adopt a parameter
expressed in Eq. 2 to check the change of ry_ of RXNO (X=
S, Se) during transnitrosation:

(%X — N) gy = |rXN(Zj)N_(1};))(g\]]VO(§vGVO)

x 100% (2)

where 1 is the bond length of X—N of RXNO (X= S, Se)
and the symbols TS and RXNO in parentheses represent
transition state and reactant, respectively. For MeSNO, this
parameter is calculated to be 2.8% for both MeS™ and MeSe .
For MeSeNO, it is deduced to be 3.0% for both MeS™ and
MeSe . Note that the changes of X-N bond distances are
very small in all TSs, indicating that all TSs being calculated
should be ascribed to early TSs.

Transnitrosation reactions in aqueous solution

Finally, the solvent effect of water on various trans-
nitrosation reactions was investigated by full optimization
(see Theoretical methods). Interestingly, the bond length
of S-N of MeSNO is shortened from 1.85 A in the gas
phase to 1.78 A in aqueous solution. The same change can
be seen regarding the length of the Se—-N bond in
MeSeNO. Some critical geometries parameters of relevant
complexes and TSs are summarized in Fig. 3. As shown in
Fig. 3, in transition states, the distances between electro-
phile and nucleophile are all shortened when considering
the aqueous solvation. Taking MeSNO + SMe as an

@ Springer
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Transnitresation Reaction
1.202 176
1807 2437
1767
COoM

1087, 1088

ihs | 23T

INT

I]-ﬂ!i

L8la 2419 e Misig

1.&5} s

5

TSI

TS2 INT2

COM3 TS3

ProdCOM3

Fig. 1 The optimized geometries of the relative complexes (COM),
intermediates (/NT) and transition states (TS) of all mentioned reaction
pathways between MeSNO and MeSH (COM, INT, TS for trans-
nitrosation, COM1, TSI for pathway 1 in Scheme 2, COM2, TS2, INT2
for pathway 2 in Scheme 2, and COM3, TS3, ProdCOM3 for pathway
3 in Scheme 2; bond length in A, bond angle in °, the colors of atoms
change fromdark gray to white according to their atomic numbers)
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Table 4 The energies (in kcal mol™") of various complexes (COM),
intermediates (/NT), transition states (7S) and product complexes
(ProdCOM) formed by MeSNO and MeSH

a a a a a
ECOM ETS EINT EProdCOM EProd

Transnitrosation -12.0 -7.3 -15.0 -12.0 0.0
Pathway 1 -1.7 20.2 -1.7 0.0
Pathway 2 -1.3 43.6 11.6 -13 0.0
Pathway 3 -13 453 8.7 10.7

?The energy standard is the infinitely separated reactants

(Se, 5) COM

1178 )
O )noz s

-Ta445 2273

(Se, S) TS

(Se, ) INT (Se, 5) TS
Transnitrasation Reaction between
MeSa¥0 and SeMe

117.5

1.202

1.769

(Se, S) COM'

1179

hazg W28

(Se, Se) TS

(Se, Se) INT

Fig. 2 The optimized geometries of the relative complexes, inter-
mediates and transition states of the transnitrosation reactions between
MeSeNO and SMe ™ or SeMe . The parentheses (Se, S) respresent
transnitrosation reaction between MeSeNO and MeS , and the
parentheses (Se, Se) represent transnitrosation reaction between
MeSeNO and SeMe ; bond length in A, bond angle in °, the colors
of atoms change fromblack to white according to their atomic numbers



J Mol Model (2008) 14:1-9

Table 5 The calculated energies (in kcal mol™') of complexes,
intermediates, TSs of MeSeNO + MeY (Y =S, Se)

Y=S Y =Se
E COMa _162 _139
E s 77 —6.4
E it —-18.3 —-15.6
E TSla 7119 764
E prodcom” —-16.6 —-13.9
E Proda -5.8 0.0

#The energy standard is the infinitely separated reactants

example, the distance between sulfur on SMe™ and N on
MeSNO is shortened from 3.67 A in the gas phase to
2.85 A in aqueous solution. Furthermore, we cannot locate
any intermediate under aqueous solution. Accordingly, all
transnitrosation reactions are found to be concerted

MeSNO + SMe

<" 3176

COM in water TS in water

MeSeNO +SMe

1.169 97,87

2107

=""2785

(Se, S)TS in water
MeSeNO + SeMe

AL

A 8747
200280~ L.
-=="" 5988

(Se, SY)COM’ in water

(Se, Se)COM in water

(Se, Se)TS in water

Fig. 3 The optimized geometries of the relative complexes, inter-
mediates and transition states of the transnitrosation reactions in
aqueous solution (COM and TS for transnitrosation between MeSNO
and SMe . The parentheses (Se, S) respresent the transnitrosation
reaction between MeSeNO and MeS™, and the parentheses (Se, Se)
respresent the transnitrosation reaction between MeSeNO and SeMe ;
bond length in A, bond angle in °, the colors of atoms change from
black to white according to their atomic numbers

reactions, the results of which are drastically different
from that in the gas phase (vide supra). Notably, the
complexes designated as COM and (Se, SYCOM” in water
are not minima on the potential energy surfaces. By
vibrational frequency analysis, they have at least one
imaginary frequency and NIMAG=1 and 2 for COM (34i)
and (Se, S)COM’ (331, 11i), respectively, in water. Table 6
summarizes the main differences of the results in gas
phase and aqueous solution. Clearly, the barriers of the
transnitrosation reactions of MeSNO are decreased by 2.0
and 2.5 kcal mol ' for nucleophiles SMe and SeMe
respectively, from gas phase to aqueous solvation. Fur-
thermore, the transnitrosation reactions of MeSeNO can be
said to be barrierless in aqueous solution. All % X-N are
larger in aqueous solution than in the gas phase. That is to
say, the TSs are further from the reactants if considering
the solvent effect of water. Nevertheless, they are still
early TSs. Houk et al. have reoptimized the gas-phase
structure of nitroxyl disulfide after distorting one of the
S—N bonds by about 0.1 A to consider aqueous solvation,
and they gained minima that are neither reactants nor
products [33]. Therefore, they concluded that an interme-
diate exists but with a short life span, the result of which is
different from our fully optimized results. This discrepan-
cy could be due to the solution temperature being set at
310.0 K in this study.

Conclusions

In conclusion, the above results show that the trans-
nitrosation reaction is a stepwise and an anionic S\2
reaction between RSNO and thiolate in the gas phase but,
in sharp contrast, it may be a concerted reaction in aqueous
solution at 310.0 K. Furthermore, Se-nitrososelenols are
more unstable than S-nitrosothiols for unimolecular decom-
position. Comparing MeSeNO with MeSNO, the Se-N

Table 6 The barriers (in kcal mol™") and % X-N of RXNO of the
transnitrosation reactions MeXNO + MeY (X =S, Se; Y =S, Se)

(X,Y) Ea % X-N of RXNO
(S,9) 4.7 2.8%

2.0° 12.3%
(S,Se) 47 2.8%

2.7 18.5%
(Se,S) 8.5 3.0

- 37.2%
(Se,Se) 7.5 3.0%

° 5.3%

? Values in italic type are in aqueous solution
®The negative value obtained indicates that these reactions are
barrierless
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bond in RSeNO is weaker than the S—N bond in RSNO and
its: BDE is calculated to be 24.4 kcal mol ' by G2.
Interestingly, however, the barrier of the transnitrosation
reaction of MeSeNO is larger than that of MeSNO,
disregarding nucleophiles in the gas phase. The barriers of
the transnitrosation reactions of MeSNO are found to be
decreased for nucleophiles SMe- and SeMe- in going from
the gas phase to aqueous solution, while the transnitrosation
reactions of MeSeNO are essentially barrierless in aqueous
solution. Apparently, solvent polarity plays a key role in the
corresponding reaction dynamics. It is thus tentatively
proposed that the activated complex, due to its negatively
charged nature, may be more subject to solvent polarity
interactions, resulting in a reduction in the reaction barrier.
Finally, since % X-N are very small in all TSs regardless of
gas or aqueous solvation, all TSs calculated should be
ascribed to early TSs, except that the TSs are further from
the reactants in aqueous solution.
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