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SNitrosothiols (RSNOs) are known to be involved in nitric oxide Tal|7/e 1. Rate of NO Release (k) and Computed Properties for
(NO) storage and transport in vivo and are implicated in blood CY—RSNO Intermediates

pressure regulation and many other physiological procésées. AG? S—N bep N-0 bepe
Experimental and theoretical values in the range of 23 kcal/ ke RSNO (PCM)* SN Vi N-OT oy Vipy
mol for the homolytic dissociation energy of the-B bond have 3x 10 E 1.87 15.0-3.3 1.18 54.4:--138
been reported recently for a number of RSNO spetieSiven Cu'-E -68.8(-19.8) 210 9.9;7.6 115 59.8;188
these large bond dissociation energies, NO release via thermal? * 10* C 187 14'9718'8 1.18 54'7’__141
h Ivsis of the SN bond i likelv in vi . Cu'-C -63.9(-22.5) 211 9.6;8.0 1.14 60.6;190
omolysis of the SN bond is unlikely in vivo. However, previous 5, 11 1.86 15.2-3.3 1.18 54.4-140
studies reveal that NO release may bé-Gatalyzed;2713 Cu + Cu—H -78.1(253) 211 96;7.6 1.14 60.7196
RSNO— Cu' + RS™ + NO, where Cuis regenerated from RS 0 A | 1.89 145-04 1.18 55.3:-146
(2CU' + 2RS — 2CU + RSSR)¥ In the presence of Cuthe Cu—-A -539(83) 215 8884 114 615202

reported stability of RSNOs varies widely as a function ofR. NO 1.16 435782

For example, Fhe meas_ured rate constants (_Table 1) indicate that agpserved rate constants (Ms1) for NO release, assuming rate
the decomposition o&-nitrosocysteine) and its ethyl esterE) KICUJ[RSNO]#°* Gas-phase B3LYP/6-3%1G(2d,2p)//B3LYP/6-31G* free
is rapid, while that ofS-nitrosohomocysteineH) is much slower, enertgletsAc(?& (kcanZ')GOf th'le Ci-RSNO ComF|§X83 with tf_eSPECt to Tgel
_ . : . : . reactants* Aqueous c values using a polarized continuum mode
but N-acetyl S—nltrosqcystelne A) is _klnetlcally stablé._ln the (PCMY22 for the solvent withe = 80.2.9Bond lengths (A) calculated from
present communication, the catalytic role played by ©os in the B3LYP/6-31G* geometrie$.Electron densitiesg), x 1072 e/a?) and
the degradation of these four RSNOs of widely varying kinetic their Laplaci??f Voo x 1072 e/a?) at the S-N an(Zj N-O bond critical
stabilities is investigated by first-principles quantum chemistry POINtS (bcpf*2¢Note that smalpy, values (-7 x 10°2 e/ay) are typical of
. . . a closed-shell interaction (ionic in this case), whereas lgigealues
calculations. The geometrical and electronic structures of the Cu  (>30 x 102 e/a?) are indicative of covalent interactiod.
ligated intermediates and their thermodynamic stabilities are
analyzed to elucidate the mechanism of NO release.
Calculations were performed with tk&aussian 9gversion A.9)
suite of quantum chemistry programs at the Becke3-1¥ang—
Parr (B3LYP) level of hybrid density-functional theéfy'6 com-
bined with the 6-31G* basis Sétfor geometry optimization and
the 6-318-G(2f,2d,2p) basis skt for higher-level electronic
structure and energy calculations. Previous theoretical stddfes

showed that this model chemistry yields binding energies fé+Cu ) o . . )

(L = H0. Ny cysteine) in good agreement wih experimental 700 L SPUMZEd B3 YFIC515" geoneties o e ey
values* The calculated gas-phase-B bond energies for the jines petween Cuand the coordinating atoms represent bond critical
unligated RSNOs are 27.&8J, 30.6 E), 31.7 @), and 32.6 kcal/ path$324 predicted by the AIM analysis.

mol (H), indicating a strengthening of the—$l bond upon

esterification,N-acetylation, or lengthening of the alkyl chain of Figure 1 shows the gas-phase' €RSNO intermediates in Gu

C. To approximate aqueous solvation effects, the self-consistent catalyzed RSNO decomposition predicted by the present calcula-
polarized continuum model was employed to calculate solvation tions. ForCu'—C, the thermodynamically most stable complex
free energied? The resulting solution homolytic dissociation  (Figure 1) corresponds to a five-membered ring in whichtfnds
energies for the SN bond are 29.5@), 32.2 €), 34.5 @), and to the amino N and S atoms. The gas-phase complexation enthalpy
35.8 kcal/mol H), demonstrating that -SN bond homolysis is calculated forCu'—C (—73.4 kcal/mol) is comparable to the
relatively insensitive to a polar environment. TheseNSenergies experimental value measured for'€aysteine -81.1 kcal/moly°
compare well with the published RSNO homolytic dissociation The gas-phase geometries fou'—E (N and S coordination) and
energies of 2932 kcal/mol obtained from kinetic measurements, Cu'—A (S and COOH carbonyl coordination) are also characterized
and the value of25 kcal/mol deduced from thermochemical data, by bidentate chelation, whilld chelates Clin a tridentate manner
which provides further support for the model chemistry used here. via its S, N, and hydroxyl O atoms (Figure 1). Baflu'—H and
Given the high calculated and observed homolytic dissociation Cu'—A possess six-membered ring structures, while intermediate
energies, spontaneous homolysis can be ruled out as an RSNCQCu'—E is a five-membered chelate very similar ©u'—C.
degradation pathway in vivo. Remarkably, the calculated-3 bonds are 0.230.26 A longer in

the CU—RSNOs versus the free RSNOs, and the@lbond, shorter

*To whom correspondence should be addressed. E-mail: ghp@alcor.concordia.ca A .
and english@vax2.concordia.ca. by 0.02 A than in free NO (Table 1). The longerB bonds in

Cu-H Cu'-A
o o'
.08 A
1'315:.. 209 A 1.86 A,.—?_?g
g 3,324 @ 2154
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the calculated Ct-RSNO structures correspond to-® kcal/mol In conclusion, the results of this preliminary computational study
decrease in the bond energy, which is close to 20% of the homolytic support a role for Cin RSNO degradation. Our calculations clearly
dissociation energy. Thus, Goomplexation promotes-SN bond show that the formation of a GuRSNO intermediate weakens the
cleavage from an energetic point of view. S—N bond and strengthens the-XD bond, thereby promoting NO

To gain insight into chemical bonding in the intermediates and release from RSNO. Further theoretical investigations df-Cy
to elucidate the changes in electronic structure upon complexation,species of likely biological significance and of the electron-transfer
we make use of the atoms-in-molecules (AIM) the® ¥ This is processes associated with NO release in such species are underway.

based on a topological analysis of the electron dengiyaid its K | i h ¢
Laplacian §2p) at bond critical points. Inspection of the electronic _Acknowledgment. This research was supported by grants from
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weakening of the SN bond and strengthening of theXD bond
upon CU chelation predicted by AIM analysis, the GIRSNO
intermediates can clearly be considered as precursors to NO release. (1) Williams, D. L. H. Chem. Commuri996 1085.
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