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The nitrone 5,5-dimethyl-1-pyrrolind-oxide (DMPO) has been the most widely used spin trap for the detection

of transient free radicals in chemical, biological, and biomedical research using electron paramagnetic resonance
(EPR) spectroscopy. A density functional theory (DFT) approach was used to predict the thermodynamics of
formation of the superoxide anion/hydroperoxyl radica}(©®O,H) adduct of DMPO as well as itskq in
aqueous systems. At the B3LYP/6-B&(d,p)//B3LYP/6-31G(d) level, we predicted (in the gas phase and
with a polarizable continuum model (PCM) for water) three conformational minima for both the BMPO

O, and DMPG-0O,H adducts. Using DFT and the PCM solvation method, tkg @f DMPO—0O,H was
predicted to be 14.% 0.5. On the basis of free energy considerations, the formation of DMP¥ at

neutral pH proceeds via initial addition 05O to DMPO to form the DMPG-O,~ adduct and then subsequent
protonation by water (or other acidic sources) to form DMR®QH. Under acidic conditions, the addition of

*O,H to DMPO is predicted to be more exoergic than the addition of @nd is consistent with available
experimental kinetic data.

I. Introduction SCHEME 1: Spin Trapping by DMPO

The electron paramagnetic resonance (EPR) spin-trapping
technique using nitrones as radical spin traps has been an
indispensable tool in the detection of oxygen radical species X

(Scheme 1). The nitrone 5,5-dimethyl-1-pyrrolin¢oxide

(DMPO) was first synthesized in 1959 by Bonnett et ab a X =0y, OH, R, SR

model compound toward the synthesis of corrins. Although

Iwamura et af were the first to demonstrate the spin-trapping DMPO DMPO radical adduct
property of tert-BuN(O)y=CH), with C-centered radicals, Janzen (nitrone) (nitroxide)

et al. reported in 1974 that DMPO can indeed be used to trap

O-centered radicafs. carbonyl-nitrones 5-ethoxycarbonyl-5-methyl-1-pyrrolimdé

Prior to 1974 the hydroperoxyl radicalrQ,H) could only oxide (EMPO¥"~30 and 5-butoxycarbonyl-5-methyl-1-pyrroline
be detected directly by EPR at low temperatweas a metal N-oxide (BocMPQO)0-33
complex®’ These approaches to radical detection limited the

detection of superoxide () in biological systems, until z

DMPO was introduced for this purpose almost 3 decades ago >©

by Harbor et af Subsequent detection of superoxide/hydrop- T

eroxyl (G;7/*O,H) radicals in aqueous systems by EPR spin nngne

trapping using DMPO paved the way to exciting new findings nitrone z

in chemistr$~—12 and biology*3-1° DMPO  Me
Although DMPO is still widely employed as a spin trap, it o

has major drawbacks which limit the spectral interpretation of DEPMPO  -B(O)OE(),

its adducts with @/*O,H.20-22 Several DMPO-type analogues DIPPMPO . -P(O)Oi-Pr),

have been developed over the years to overcome the limitation ) .

of DMPO. These DMPO-type spin traps include the alkoxy-  'hese substituted DMPO-type nitrones have demonstrated a

phosphorylated nitrones 5-diethoxyphosphoryl-5-methyl-1-pyr- relatively higher rate of superoxide £O) trapping as compared

roline N-oxide (DEPMPO¥-25 and 5-diisopropyloxyphosphoryl- {0 that of DMPO. . _

5-methyl-1-pyrrolineN-oxide (DIPPMPO% and the alkoxy- The accurate interpretation of the nitrer@,*~/—O,H adduct

spectrum has confounded most spin-trapping researchers over

*To  whom  correspondence  should be  addressed. the years because there has been no independently synthesized
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292-1685 (C.MH.): (614)-247-7799 (J1.Z). impossible to deduce its actual form and property in solution

" The Davis Heart and Lung Research Institute and College of Medicine. dUe 10 its low concentration after spin trapping. In this paper,
* Department of Chemistry. DMPO will be used as a simple model to understand the
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TABLE 1: Comparison of Selected X-ray Crystallographic
and Calculated Bond Lengths from Various Levels of
Theory?

calculated bond experimental bond

bonds distance range (A) distances (A)
nitronyl C=N 1.31 1.291(2921.307(2%*
nitronyl N—O 1.26 1.2987(165° 1.294(1§
nitroxyl C—N 1.45-1.50 1.56°
nitroxyl N—O 1.27-1.29 1.27°

O, Adduct
Cring_oz 1.36-1.39 :].44-1(?}S
o0—0 1.45-1.49 1.4599(17
O.H Adduct
Ciing—OH 1.41-1.46 1.441(2F
0—0 1.44-1.46 1.4599(1 %%
O—H 0.96-0.98 1.02(3%

aThe B3LYP/6-31G(d), B3LYP/6-31tG(d), B3LYP/6-31%#G(d,p),
and B3LYP/aug-cc-pVDZ levels of theory.
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Figure 1. Rotational barriers in the DMPE0O, adduct. The dihedral

angles are at 22°5increments along the NC—0O—-0O angle as a
function of the bottom-of-the-well energieAl «q) in kilocalories per
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chemistry underlying the spin-trapping process, that is, the mostmole at the B3LYP/6-3+G(d,p)//B3LYP/6-31G(d) @) and B3LYP/

plausible mechanism of £ trapping by DMPO. Theoretical
evidence will be presented as to whether the DMR~
adduct can exist as the anionic or neutral form in aqueous
solution, and if the DMP© O,~ adduct does exist as DMPO
O;H, then what is the latter’'s approximatk&4? We now present
the thermodynamics of formation and acidity of the superoxide
radical adduct of DMPO. A companion pagewill present
proposed pathways for the decay of these adducts.

Il. General Computational Methods

Density functional theory (DFF}-36was applied in this study
to determine the optimized geometry, vibrational frequencies,
and single-point energy of all stationary poits?® The effect

of solvation on the gas-phase calculations was also investigated

using the polarizable continuum model (PCN1)#> All calcula-
tions were performed using Gaussiarf®8 Gaussian 03 at

the Ohio Supercomputer Center. Single-point energies were

obtained at the B3LYP/6-3#G(d,p) level based on the opti-
mized B3LYP/6-31G(d) geometries, unless otherwise indicated.
The minima for both the nitrone spin traps and*@O.H

adducts have zero imaginary vibrational frequencies as derived

from a vibrational frequency analysis (B3LYP/6-31G(d)). A
scaling factor of 0.9806 was us€dor the zero-point vibrational
energy (ZPE) corrections. Spin contamination for all stationary
points of the @~/*O,H adduct structures was negligible, that
is, 0.75< [$< 0.76. In some cases, the CBS2@nd CBS-
QB35 methods were used for comparison of the B3LYP

6-3114+-G(d,p) () levels of theories.
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Figure 2. Rotational barriers in the DMPOO,H adduct. The dihedral

angles are at 22°5increments along the NC—O—0O angle as a

function of the bottom-of-the-well reaction energies at the B3LYP/6-

31+G(d,p)//B3LYP/6-31G(d) level of theory: conformation AY);
conformation B Q) (see text for diagram).

60 90

the bottom-of-the-well reaction energiesHy ) for the forma-
tion of DMPO—0O;™ as a function of the NC—O—0 dihedral
angles at the B3LYP/6-3#G(d,p)//B3LYP/6-31G(d) and (fully
optimized) B3LYP/6-311+G(d,p) levels of theory. Geometry
optimizations with diffuse functions using the B3LYP/6-31G-

calculations to energies at the infinite basis set and electron (d,p) level of theory were performed to account for the negative

correlation limit.

Ill. Optimal Geometry Search

To understand the structures of the adducts between O
*O,H with DMPO, we utilized computational methods to probe
the geometric preferences. All bond lengths and angles for
DMPO, DMPO-0,~, and DMPG-O;H at their optimized
geometries using the B3LYP/6-31G(d), B3LYP/6-31G(d),
B3LYP/6-311-G(d,p), and B3LYP/aug-cc-pVDZ levels of

charge character of the DMP€@D,~ adduct. The optimized
DMPO—-0O,~ geometries in the absence and presence of the
diffuse function show very similar trends in the final energetics
with various D(N—C—0—0) dihedral angles. Three local
minima were located corresponding to fixBfN—C—0—-0)
angles of 90, 180, and 292.&t the B3LYP/6-31G(d) level,
while optimization of these starting geometries at the B3LYP/
6-311+G(d,p) level without constraints gave finBI(N—C—
0-0) angles of 81.9, 186.9, and 292.Eespectively. The most

theory have been extensively examined, and in general, thesehermodynamically favored conformation for DMP@,~ was

results showed no significant deviation from those reported
experimentally using X-ray crystallography, as shown in Table
1. The calculated ©0 distances for @ and*O.H are 1.35
and 1.33 A, respectively, while the-@H distance imrO:H is
0.98 A at the B3LYP/6-31G(d) level of theory.

Model geometries for the DMPOO,~ and DMPG-O,H
adducts were explored. Figure 1 shows the energy profile of

found to have &(N—C—0—0) angle of~292.

Geometry searches for the DMP@,H adduct at the
B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) level were performed,
and they yielded two major conformations (denoted as A and
B) which are dominated by the orientation of the hydroperoxyl
H relative to the N-O moiety, as shown in Figure 2. The
dihedral angle ®) on the N~-C—0—-0 bond was once again



Superoxide Radical Anion Adduct of DMPO J. Phys. Chem. A, Vol. 109, No. 27, 2005085

varied at 22.5increments for each of the main conformations, TABLE 2: Calculated and Experimental pK, Values and
and then, full geometry optimization was performed for the local Their Respective Deprotonation Energies and Solvation

minima. Conformation A gave three relaxed geometries with ENergies
©® = 75.9 (with a N-O- - -H—0O0 intramolecular H-bonding ) AGugasf  AGesony® reported calculated
distance of 2.00 A), 174.3, and 294.60ptimization of acid (kcal/mol) (kcal/mol) — pKa® pKa’
structures with conformation B also gave three relaxed geom- trifluoroacetic acid 314.6 —59.9 0.2 0.2
etries at® = 299.7 (with N—-O- - -H—0O of 3.09 A), 172.3, trichloroacetic acid 312.7 —60.9 0.7 -15
and 65.4. The formation of the most favored structure for dinitromethane 3149 538 36 3.6
. _ . . formic acid 335.6 —-74.8 3.8 3.4
conformation B @ = 299.7) is less exothermic than that of acrylic acid 3370 715 13 59
the most favored structure with conformation @ & 75.9). acetic acid 340.6 —734 48 6.9
Interestingly, single-point energy analysis in the aqueous phasehydrogen cyanide 346.4 —79.6 9.2 6.6
atthe PCM B3LYP/6-31G(d,p) level using the B3LYP/6-31G-  phenol 3415 -704 10 8.9
(d) optimized geometries for both DMP€D,~ and DMPO- n}let|hy||thll’?l| 352.0 —749 103 12.2
O:H (both conformations A and B) did not follow the same & &cON0 366.3 —860 155 13.9
. . . methanol 373.9 922 155 14.7
energy profile as in the gas-phase energies at the B3LYP/6-,5er 384.7 ~103.3 157 14.4
31+G(d,p)//B3LYP/6-31G(d) level (see Supporting Information  acetone 366.8 -73.1 193 21.1
Figure S1). Optimization using B3LYP/6-3tG(d,p) of the acetonitrile 370.2 -70.1 25 24.6
A and B conformations a® = 67.5, 180, and 292°5initial HsCOH _ 365.3 —-87.4 11-53 12.6
geometries only provided final structures of the A conformation hydroperoxylradical 3445 —85.6 4'88 24
th © — 78.0 and 173 0and of the B ¢ i it® ClsCCOH 330.6 —67.5 8.7 4.7
Wi = 78.0 an .Dand of the B conformation wi PhOH 346 2 747 8 g8 92
= 66.2 and 296.3 The AGs,y 208k Values for DMPG-O;H are HOCH,O,H 356.8 -76.4 10.78 14.0
the following: —10.3 @ = 78.¢°) and —12.5 @ = 173.0) tert-BuO,H 363.7 —-83.4 12.8° 13.9

kcal/mol for the A conformation anet15.0 @ = 66.2) and hydrogen peroxide 3688  —90.3 11.6%° 12.9

—14.1 © = 296.3) kcal/mol for the B conformation at the BMPO—OHe 329.2 —99.3 4.6° 8.3
PCM/B3LYP/6-311#G(d) level. The calculated free energies 78°—>821.9’ 357.6 —74.9 15.2

of solvation AGsolv,208K) at the PCM/B3LYP/6-311G(d) level 78° — 186.9 354.7 ~736 14.3

for DMPO—0,~ at ® = 81.9, 186.9, and 2925re —65.2, 78 —292.5 353.7 —70.7 15.3
—64.6, a_nd—_60.0 kcalimol, respective_ly._The Iarge free energy a Bottom-of-the-well energy plus scaled ZPE at the B3LYP/6-
of solvation is reasonable for the anionic species. 311+G(d) level. Bottom-of-the-well energy using the B3LYP/6-

To test the accuracy of the level of theory employed in our 311+G(d) and PCM/B3LYP/6-311G(d) levels.c Taken from ref 58,
study, we compared the experimentat-B® bond dissociation unless otherwise indicate@iFrom the linear regressionkp =
energy of 2,2,6,6-tetramethylpiperdibehydroxyl (TEMPO- 0.538(A\Gag,a+) — 136.9 including hydroperoxides and nitroxides$ (
H) with the theoretically predicted enthalpy values at the = 0.95andy= 0.8 K,units).These values areNC—O—O dihedral

_ R _ _ angles in which 78corresponds to DMPOO;H and 81.9, 186.9, and
IIES/I(;TSP(/)? til(;lg)cr;;d,p)//BBLYPIG 31G(d), CBS-Q, and CBS-QB3 292.5 are for DMPO-O,..

were obtained, and harmonic vibrational frequency analyses
o~ o were performed on various acids and their conjugate bases at
| the B3LYP/6-31#G(d) level. Approximation of the i, of
HNO 58 amides?? aliphatic alcohols, and carboxylic acf4?!
— +He has been performed using the free energy (in agueous solution),
as obtained with the polarizable continuum model (PGRAI
preferred conformations of the carboxylic acid groups are in

The results show that the calculatadH(298 K) values at  theZform, as is well-known experimentalf.54 Estimation of
the B3LYP/6-31-G(d,p)//B3LYP/6-31G(d), CBS-Q, and CBS- the K, values was also exten_ded to the paramagnetic molecule,
QB3 levels of theory are 64.7, 69.1, and 70.1 kcal/mol, 3-carboxy-PROXYL (CP) using the PCM meth@u.
respectively. The two CBS values are in very good agreement
with the experimental value of 69.6 kcal/mol as reported by
Mahoney et af” The B3LYP value is about 4 kcal/mol lower
than the experimental value, and this apparent discrepancy may
be due to an underestimation of tiNoxyl energy at the
B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) level. (A further com-

=z
P-4

O—O0

~~oH

parison of these theoretical methods for computing an accurate T
Boltzmann distribution will be presented in our companion o
paperd?) o

V. Approximation of the p K, of the Oz—/eOzH Adduct Table 2 shows the calculate&Kpvalues which are based on

The theoretical elucidation of the preferred structure of the following relationship:
DMPO Oy /*O,H in water is important not only for an
understanding of the mechanistic aspects gf Grapping by pK, = 0.538AG,, 5 — 136.9
DMPO but also to serve as models for calculation of the EPR
hyperfine coupling constants (hfcc’s) to compare directly with derived from all compounds listed in the table including
experiment. We addressed a few specific questions. compounds with peroxyl and nitroxyl moieties. The calculated
First, is the superoxide adduct protonated at neutral pH? To AGgas) values for some of the compounds reported by Bart-
provide an estimate of the relevarKg optimized geometries  berger et aP® are reproducible up to 0.1 kcal/mol except for
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TABLE 3: Calculated Thermodynamic Parameters for the Formation of the Hydroperoxyl -DMPO Adduct in the Gas and
Aqueous Phases

Mechanism A

o)y O,H
0, H,0 -
N Rxn 1 T H Rxn2 T wotoOH
(o] Qe O e«
AEO,rxnb AH>98 rxn AG298 rxn
Gas Phase
Rxn 1 -15.4 -14.6 -4.0
Rxn 2 29.8 30.3 31.3
Aqueous Phase
Rxn1 6.1 6.7 16.8
Rxn 2 3.3 3.9 5.0
Mechanism B
S
'il O,H
0, + H0 — > «0,H (+ OH) - ° 5
Rxn 3 Rxn 4 N H
L
AEo,rxnb AH>98 rxn AG298 rxn
Gas Phase
Rxn 3 41.1 40.2 399
Rxn 4 -26.7 -24.4 -12.6
Aqueous Phase

Rxn 3 33.0 32.1 31.9
Rxn 4 -23.6 -21.5 -10.1

a All energies are in kilocalories per mole at the B3LYP/6-313(d) (gas) and PCM/B3LYP/6-3#1G(d)//B3LYP/6-311G(d) levels of theory.
Values are based on the most stable conformations of the DMBOand DMPG-O;H adducts in each phaseBottom-of-the-well energy.

the allyl alcohol (366.3 kcal/mol) with a 0.5 kcal/mol difference V. Thermodynamics of Superoxide Radical Trapping

as compared to the previously calculated value 365.8 k_cal/mol. On the basis of the deriveckfor DMPO—O,H of 14.9+

The [X, values of hydroperoxyl compoun(_js were estlmateql, 0.5, the hydroperoxyl form of the adduct should be the observed
and these gave values that correlate well with the correspondingso - in the aqueous phase at neutral pH. Also, it is clear that,
experimental K, data (Supporting Information Figure S2). The - 4t neutral pH, the major form of the superoxide reactant is the
standard deviation for thek of the peroxyl compounds is 1.0 anjonic form, since the experimentapfor *O;H is 4.87 (or

pKa units, while that of the nitroxide CP gave a standard 4.479. Moreover, the rate constant for the dissociatior@H
deviation of about 3.1k, units compared to the overall standard is approximately 19s72, as reported by Bielski and CzapsRi;
deviation of 0.8 K, units. hence, the rate constant for the association dbaHd Q*~ has

to be on the order of 20 M~ s™%. The higher equilibrium

The K, value of DMPO-O;H was approximated from the ., - iration of @- compared t0"OH at neutral pH is

preferred conformation of DMPEO,H (6 = 78) and from consistent with the experimental reduction potential&Ebf=

the three conformations of DMPED,™ (© = 81.9, 186.9, an_d 1.06 and 0.94 V fotO,H and Q*~, respectively? However, a
292.5). Values of [Ka = 15.2, 14.3, and 15.3 corresponding  question still remains as to whethegO or *O;H s initially
to ® (DMPO_OZ_) = 819, 1869, and 292".5respectlvely, trapped by DMPO in agueous solution.

were obtained with an average value of 149.5. This K, An important reason for considerir@.H as the species being
value of 14.9 is close to that observed experimentally from trapped is thatO,H appears to be more reactive thagrCon
alcohols with K, values ranging from 15.5 to 17.1 and water the basis of the trapping rates at different pHs. The rate constants
of 15.758.69 for O~ addition to DMPO were reported to be 10 Ms™ at
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Figure 3. Schematic diagram of the DMPO reaction wit QeOH,
andeOH in the aqueous phase including the transition state [DMPO-
radicalf for the radical adduct formation. The values are free energies
(AGggg) in kilocalories per mole obtained at the B3LYP/6-3&(d,p)//
B3LYP/6-31G(d) level (see Table 4 for a complete list of energies).

TABLE 4: Calculated Relative Enthalpies (AH2%€K) and
Free Energies AG2%8) (kcal/mol) in the Gas and Agueous
Phases (in Parentheses) and Other Theoretical Parameters
for the Transition-State Structures of the *O,H, O»*~, and
*‘OH Adducts at the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d)
Level

C---0-X
structure AH?29%8Ka AG?98Ka A (B Nimag®

«OH

DMPO+ «OH! 0.0 (0.0) 0.0 (0.0) o 000 0

DMPO-OHe  —9.8(-1.8) 0.2(8.1) 320 075 0

DMPO-OHTS -83(-2.4) 21(7.9) 2.78 075 1

DMPO—OH —-55.0 (-50.2) —41.9 (-37.1) 140 075 O
Oy~

DMPO+ Oy~ 0.0 (0.0) 0.0 (0.0) w 0.00 0

DMPO-O,-  —159(4.3) —6.8(13.4) 279 076 0

DMPO-0O,” TS? —3.3(15.6) 6.8 (25.7) 1.81 078 1

DMPO-0O,~  —13.9(1.8) —2.6(13.1) 142 075 O
«OH

DMPO+«O,H 0.0 (0.0) 0.0 (0.0) w 0.00 0

DMPO—O,H  —13.8(-5.1) —2.7 (6.0) 355 075 0

DMPO-O;H TS? —3.0 (3.9) 9.7 (16.5) 2.10 079 1

DMPO-O,H  —27.3(-19.1)-12.8(4.6) 138 075 0

J. Phys. Chem. A, Vol. 109, No. 27, 2008087

To give further insight into which form of the radical is
trapped, the thermodynamics in the aqueous and gaseous phases
were considered. The results of those calculations (at the
B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) level) are shown in
Table 3 for the direct trapping of £ (mechanism A) and for
the trapping ofO;H formed after protonation of £ by water
(mechanism B). Of course, since these mechanisms differ only
by the sequences of steps, the overs® must be the same
and provides values of 27.3 kcal/mol for the gas phase and 21.8
kcal/mol for the aqueous phase (PCM). However, inspection
of the separate steps shows clearly that mechanism A is
preferred. The overalAG value 21.8 kcal/mol in the aqueous
phase results from two endoergic steps: 16.8 kcal/mol for direct
trapping of @~ and 5.0 kcal/mol for the subsequent protonation
of the anionic adduct. In mechanism B, the value 21.8
kcal/mol derives from a large endoergic step of 31.9 kcal/mol
for the formation ofO,H combined with a subsequent exoergic
(—10.1 kcal/mol) trapping step to form the final adduct. A
similar set of results was obtained for the gas-phase calculations.

In addition to showing that trapping of,0O is the most likely
mechanism, the data of Table 3 are important in understanding
why *O,H is more reactive than £°. The aqueouaG values
for the trapping event that occurs in mechanism A, step 1 (16.8
kcal/mol), versus mechanism B, step410.1 kcal/mol), reveal
that adduct formation withO,H is more thermodynamically
favored by 20 kcal/mol than adduct formation with*Q Of
course, these calculations relate to water at neutral pH, and as
the pH decreases or with more potent acid sources (e.qg., thiols,
ammonium ions, or ascorbic acid), mechanism B may be
facilitated in biological systems.

Figure 3 and Table 4 show the free energies and enthalpies
of the transition-state structures as well as the products for the
formation of the'OH, Oy, and*O.H adducts of DMPO. The
calculated gas-phase free energy of activation barriers are 2.3,
0.0, and 7.0 kcal/mol for the addition €®H, O,~, and*O.H
to DMPO, respectively. In the gas phase, the order of decreasing
exoergicity (kilocalories per mole) for the overall addition
reaction of various radicals to DMPO is the following©H
(—41.9) < *OzH (—12.8) < Oy (—2.6). However, it is to be
expected that solvation will play a significant role in this addition
process, especially considering the anionic character of the
superoxide potential energy surface. Therefore, we employed
single-point energy calculations with the PCM method at the
B3LYP/6-314+-G(d,p) level using water as a solvent (see Table
4) for the addition processes tdH, *O,H, and Q*~. Worth
noting is that the aqueous-phase addition gf-Go DMPO is
endoergic by 13.1 kcal/mol and occurs with a high free energy
of activation barrier AG(289K,aq)) of 25.7 kcal/mol as
compared to theAG*(289K,aq) activation barriers for the
addition of*OH (7.9 kcal/mol) andO;H (16.5 kcal/mol). These

aThe values in parentheses are relative energies based on singlec@lculated activation energies are very consistent with the

point energy calculations with the polarizable continuum model (PCM)
at the B3LYP/6-3%G(d,p) level using water as a solvehiThe (%0
value for all of the nitrones is 0.00, while that of the radicals is 0.75.
¢ The point group for all structures &, andNimag refers to the number

of imaginary vibrational frequencies & TS). ¢ At infinite separation.

e Nitrone—R complex (R= OH, Q.H, or ;). f TS stands for transition
state.9 On the basis of the DMPOO,™ and DMPG-O;H structures
with D(N—C—0-0) angles 0f~290 and~76°, respectively.

pH 7 and 6600 M! s1 at pH 572 Similarly, O~ addition to
5-tert-butoxycarbonyl-5-methyl-1-pyrrolins-oxide (BMPO or
BocMPO) has been reported to occur witkag, value of 75.0
M~1s1 at pH values above 7.0 and 239 Ms™! at pH 5.03!

A likely explanation for these faster rates in more acidic media
is that a higher proportion of the more reacti@H is present.

experimentally observed kinetic d&t&37273which confirm the
slow trapping of @~ by nitrones.

VI. Conclusions

A conformational search of DMPOO,H and DMPG-0,~
adducts in the gas and aqueous phases gave three local minima
for each adduct. These energy minima, together with optimized
structures of various acids and hydroperoxyl compounds, were
used to calculate thekp of DMPO—O,H. The predicted Ka
for DMPO—0O,H was estimated to be 14:90.5, and DMPG-

O;H should exist in its neutral form in aqueous solution at pH
7.

Thermodynamically, the preferred mechanism for the forma-

tion of DMPO-0O,H in gas and in water involves the initial
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addition of Q*~ to DMPO and subsequent protonation of the
DMPO—0O," adduct. The addition ofO,H to DMPO is
predicted to be more exoergic than the addition gf-Qwhich

accounts for the higher rate constant of superoxide adduct

formation in acidic pH.
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