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In acidic aqueous solutions, nitroxyl radicals (X)TEMPO (X = H, 4-OH, and 4-oxo) and 3-carbamoyl-PROXYL
readily reduce Cr,q00%" and Rh(NH;)s(H,0)00?* to the corresponding hydroperoxo complexes. The kinetics are
largely acid independent for Cr,,002*, but acid catalysis dominates the reactions of the rhodium complex. This
emerging trend in oxidations with superoxometal complexes seems to be directly related to the thermodynamics of
electron transfer. The weaker the oxidant, the more important the acid-assisted path. The rate constants for the
oxidation of (X)TEMPO by Cr,q00%" are 406 M~* s~* (X = H), 159 (4-OH), and (20. 6 + 77.5 [H"]) (4-0x0). For
the rhodium complex, the values are (40 + 2.20 x 102 [H*]) (X = H), (25 + 1.10 x 10° [H*]) (4-HO), and 2.21 x
10% [H*] (4-ox0). An inverse solvent kinetic isotope effect, kiw/ko = 0.8, was observed in the reaction between
(O)TEMPO and (NH3)4(H(D)),0)RhO0?" in 0.10 M H(D)CIO4 in H,0 and D,0.

Chart 1. Nitroxyl Radicals Used in This Work
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Kinetics of Oxidation of Nitroxyl Radicals

Scheme 1. Oxidation States of TEMPO Involved in Oxidation (NH3)4(H20)OC*" were prepared by oxidizing Rh(N)(H20)-

Catalysis OOH?* 27 with a slight excess of ©followed by removal of the
i - o remaining traces of unreacted; Quvith a stream of @ The
& & N H'e " macrocyclic complex ¥(H,O)RhOG* (L2 = Meg-14[ane]Ny)) was

prepared by photolysis of the corresponding rhodium hyédfide
under Q. The chloride salts of oxoammonium cations (O)TEMPO
and TEMPO were prepared by oxidizing the nitroxyls with
Oxoammonium cation  Nitroxyl radical Hydroxylamine chlorine as described in the literat#e&2 The kinetics were studied
RNO* RNO’ RNOH under pseudo-first-order conditions, usually with the nitroxyl present
in large excess over the superoxo metal complexes. The data were
fitted to the first-order rate expression with the program Kaleida-
graph 3.6.
RNO' + R,CHOH — R,CO + RNOH + H" Ozone was generated with an Ozonology L-100 apparatus.
Kinetic measurements used a Shimadzu 3101 PC, Applied Photo-
physics stopped-flow, or OLIS RSM-1000 rapid-scanning stopped-
flow spectrophotometer at 254 0.2 °C. The progress of the
feactions was followed by observing the disappearance of either
CraOO?" at 293 nm or L(HO)RhOG* (L = (NH3)4, L?) at 270

Scheme 2
2M" + RNOH — 2M™! + RNO" + H'

Mn-l 02 M
states and abbreviations, see Scheme 1), 2-e oxidation o
alcohols to carbonyl products with RNQand reoxidation
of RNOH to RNO'. Oxidation with molecular oxygen
becomes feasible when nitroxyl is used in combination with Results

metal complexes. The role of the metal cocatalyst (M) is to N "
oxidize either RNOH or RNOto a species capable of T_he SUPEroxo complexesgfoz and L(HO)RhOG .
oxidizing the alcohol. Molecular oxygen then restores the (L = (NHs),) are rapidly reduced to the hydroperoxo species
metal cocatalyst to ifs active state. Scheme 2 by each of the four nitroxyls examined, eq 1. The stoichio-
) . H H -+ — .

Nitroxyl radicals are also efficient catalysts for the metric _rat|o, [(X)TEMPO]/.[L(WO)MOOZ] 1.1,_was

. . . : . A determined from the associated spectral changes in the UV,
dismutation of superoxide, owing to the rapid oxidation of h both d hvd | bsorb
RNO by HO,, and reduction of RNOby Os~.22 In view  '/Here both superoxo and hydroperoxo complexes absor

’ ' strongly, Figure S1. The contribution t&Abs from the

of th_e potential importance qf this g:hemlst_ry for pharma- changes in [(X)TEMPO] and [(X)TEMPQ was negligible
ceutical purposes, as well as its role in the nitroxyl-catalyzed N
at the monitoring wavelengths.

oxidations of alcohols, we thought it would be of interest to
explore the possibility that such chemistry takes place with . n
coordinated superoxide as well. Superoxometal complexes(x)TEMPO+ L(HZO)MOOZ (tH) —

L,MOO™ (L = ligands, M= metal) are often involved as (X)TEMPO' + L(H,O)MOOH" X =H, OH, O (1)
intermediates in both biological and laboratory oxidations

with O,. These species themselves have substantial unpaired’he initial products of nitroxyl oxidation, (X)TEMPQ

spin density on the terminal oxygen, which makes them quite which typically absorb light around 350 nm, could not be
reactive toward radicals. We have shown previously that the observed directly because their spectral features are too weak
initial interaction between GOC?* and Be*~, I*~, *NO, in comparison with the strong transitions associated with the
*NO,, RC(O)OO0, etc. takes place with rate constants in superoxo and hydroperoxo complexes. Also, two of the
excess of 1OM~1 s71.23-25 Even though the nitroxyls are  oxoammonium cations, (O)TEMPGind (HO)TEMPQO, are
much less oxidizing or reducing than the radicals examined known to decompose rapidf?°on the time scale of reaction

so far, there is sufficient driving force for the reaction with 1.

superoxometal complexes to take place and to generate Independent experiments showed that there was no reac-
oxoammonium cations. We have now examined several suchtion between the product hydroperoxo complexes and any

reactions. The results are presented herein. of the nitroxyls used in this work or between g»C?** and
_ _ the final decomposition products of an authentic sample of
Experimental Section (O)TEMPO'.
2,2,6,6-Tetramethylpiperiding-oxyl radical (TEMPO), 2,2,6,6- Under pseudo-first-order conditions with (X)TEMPO
tetramethyl-4-hydroxylpiperidin&oxyl radical ((HO)TEMPO), present in large excess over the superoxometal ions, the fits

2,2,6,6-tetramethyl-4-oxopiperidiri¢-oxyl radical ((O)TEMPO), to the first-order rate expression were excellent for all the
and 3-carbamoyl-PROXYL radical (3-CP) were purchased from reactions studied. The plots kf,sagainst the concentration
Aldrich and used without further purification. Acidic agueous of excess reagent were linear and yielded second-order rate

solutions of CgOO*" were prepared from Gf* and Q and constants for reaction 1, as shown for (HO)TEMPO in Figure
contained 0.10 M methanol as preserva#iv&olutions of Rh-
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Table 1. Kinetic Data for the Oxidation of Nitroxyl Radicals in Aqueous Solution

Vasbinder and Bakac

oxidant RNO kM-1s71 source

CradO0?+ TEMPO 406+ 12 this work
CrafOO?* (HO)TEMPO 159+ 3 this work
o olo (O)TEMPO (20.6+ 1.0)+ (77. 5+ 1.0) [H'] this work
(NHg)4(H20)RhOC+ TEMPO (404 10) + (2.20+ 0.20) x 10° [H*] this work
(NH3)4(H20)RhOG+ (HO)TEMPO (254 5) + (1.10= 0.15) x 103 [H] this work
(NH3)4(H20)RhOG+ (O)TEMPO (44 12) + (2.21+ 0.20) x 103 [H*] this work
L%(H,O)RhOCG+ TEMPO <1M1s1lat0.020MH this work
(NHa)4(H,0)RhOG* 3-CP (1.7+0.2) x 1 [H] this work
HO* TEMPO (4.5+ 0.4) x 10° ref 32
HO* (HO)TEMPO (4.5+ 0.4) x 10° ref 32
HO* (O)TEMPO (4.5 0.4) x 10° ref 32
NO TEMPO (7.14 0.2) x 108 ref 30
NO (HO)TEMPO (8.7 0.2) x 108 ref 30
NOy (O)TEMPO (7.1£0.2) x 10 ref 30
NO* 3-CP (4.9+ 0.2) x 108 ref 30
HOy TEMPO (1.2£0.1) x 10° ref 22
HO 3-CP (1.2+ 0.1) x 108 ref 22
Ru(bpy)3* 3-CP 1.4x 10° ref 33
C(NOy), TEMPO 6.6 ref 34
C(NO,)4 (HO)TEMPO 0.85 ref 34
C(NOy)4 (O)TEMPO 0.075 ref 35

P} TEMPO 53 ref 36
Oy~ TEMPO <1x 10 ref 22

aConditions: aqueous solutions, 26.

1. In several cases the conditions were reversed, andagreement with the value (159 Ms™?) obtained from the

superoxometal ions were used in excess over nitroxyl data in Figure 1. This result independently confirms the 1:1
radicals. The rate constants obtained under such conditionsstoichiometry of reaction 1. All the kinetic data are sum-
were identical, within the error, to those obtained with the marized in Table 1.

nitroxyl in excess. For example, the reaction between 1.75  The reactions of TEMPO and (HO)TEMPO with,gDO?*
x 1074 M Cr,00?" and 1.0x 10° M (HO)TEMPO in

0.020 M HCIQ, yielded a pseudo-first-order rate constant

of 0.030 s*. This translates intk = 171 M~* s%, in good

0.10 ‘
Cr
0.08]
- 006 1
2, Rh
~" 0.04
a
0.02]
0.00 - ‘ ‘ -
0 2 4 6 8 10
[HO-TEMPOJ/ 104 M

Figure 1. Plots ofkepsvs [(HO)TEMPO] for the reactions with GOO**
(0.008-0.032 mM) in 0.020 M H (filled circles) and 0.10 M H (open
circles), and with (NH)4(H,0)RhOG* (0.008-0.032 mM) in 0.020 M

H* (open squares).

0.10

0.08 -

0.025

[(O)TEMPO}10*M

0.000

0.020 -
1. 0015
1 > 0010

0.005 -

2 4 6 8
[(O)TEMPO)10™M

Figure 2. Representative plots &fpsagainst [(O)TEMPO] for the reaction
with (NH3z)4(H,0)RhOG* (0.006-0.085 mM) and with GOO?*™ (0.007~
0.090 mM) at [H] = 0.020 M (circles), 0.066 (squares), and 0.10

(diamonds).
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exhibited no dependence on fHor the ionic strength
(maintained with HCIQ'NaClQy) in the range 0.0260.10
M. The oxidation of (O)TEMPO, on the other hand, is mildly
acid-dependent and obeys the rate law of eq 2, wkere
(20.6 + 1.0) Mt st andk, = (77.5+ 1.0) M2 s% The

data are displayed in Figures 2 and 3.

—d[Cr, 00" V/dt =

(ko + Ky[HDI(O)TEMPOJ[Cr,OC*'] (2)

Acid catalysis is much more pronounced in the reactions
of (NH3)4(H,0)RhOG" as shown in Figure 2 for the reaction
with [(O)TEMPO] (E = 0.91 V). The second-order rate
constants, obtained as slopes of the straight lines in Figure
2, are plotted against [H in Figure 3. For the (Nhk)4(H20)-
RhOCG/(O)TEMPO reaction, the data yielded the rate law
in eq 3, wherekp = (4 + 12) M1 st andk, = (2.21+

250
200

150[—

km's?

100 -

50

Rh

Cr

0 L
0.00 0.04

H']/M

0.08

0.12

Figure 3. Plot of second-order rate constants againgf fidr the reaction
of (O)TEMPO with (NH)4(H,0)RhOG (circles) and CifOC?t (squares).



Kinetics of Oxidation of Nitroxyl Radicals

0.20)x 10®* M~2sL, Thus, the reaction proceeds exclusively 250
by the [H']-catalyzed path.
200 | 1
—d[(NH,),(H,0)RhOG )/dt =
(ko + K [H ])[(O)TEMPO][(NH,) ,(H,0)RhOG] (3) E 150 (HO)TEMPO

The importance of the [H-independent term increases, * 100 ]
however, with improved thermodynamics, so that the stronger
reductants, (HO)TEMPOK = 0.80 V) and, especially, 50 ]
TEMPO E = 0.73 V), exhibit measurable intercepts in their 5
plots of kops against [H], as shown in Figure 4. goo 002 004 006 008 o010

In agreement with the above considerations, the reaction ' ’ o ’ '
of 3-CP € = 0.87 V) with (NHs)4(H20)RhOG* also HIM

; ; — + - Figure 4. Plots of second-order rate constants against fbk the reaction
requwes+cataly5|s by H k = 1.7 x 10° [H"]. The 3 CcP/ of (NHz)a(H,0)RhOG* with TEMPO and with (HO)TEMPO.
Cr.OO?* reaction was not well behaved, and detailed study

was not undertaken. 0.10

In accordance with specific acid cataly%is small inverse DO
solvent kinetic isotope effect (kie) was observed in the 0.08 ’
reaction of (NH)4(H,O)RhOG* with (O)TEMPO. Figure 0.06| Ho
5 shows the plots of s against the concentration of [(O)- o ’
TEMPOQ] in 0.10 M H(D)CIQ in H,O and BO. The rate < 004!
constants, obtained from the slopes of the lines in Figure 5 5
are 237+ 8 (H0) and 288+ 8 M~ st (D,0), yielding 002}
Kn,0/kp,0 A~ 0.8.

To find out whether nitroxyls can catalyze the oxidation 000 s 4 s
of alcohols by CffOO?**, we carried out a reaction between [(0)TEMPO}/10™*M

CrfOO*" and TEMPO in the presence of large concentra- Figure 5. Plot of keys vs [(O)TEMPO] for the reaction with (NEa-
tions of methanol (up to 5 M) and compared the results with (H(D)):20)RhOG* in 0.10 M H(D)CIQ, in H,0 and BRO.

those obtained in a similar experiment in 0.1 M methanol.
The potential catalytic scheme starts with the oxidation of
TEMPO with CgfOC?*, followed by the known two-electron
oxidation of methanol with TEMPO(k = 0.484 0.02 M*

s ™1, egs 4 and %2 The regeneration of the catalyst in reaction
6 is the only untested step in the proposed scheme.

with Cr,OO?** was substantially slower than the oxidation
of the nitroxide. The same reactivity order seems to hold
for TEMPO/TEMPOH couple. Even if the scheme in
reactions 46 had worked, it would have no immediate
practical use because there is currently no simple way to
regenerate GOC?" under oxidizing conditions.
Craq002+ + TEMPO (+H™) — A brief kinetic study was carried out on the reaction
N N between Ru(Nk)s>" and two superoxorhodium complexes
CraqOOH2 +TEMPO™ (4) under the conditions of excess Ru(jit (0.2—0.4 mM).
. N These data yielded the second-order rate conskants x
TEMPO'" + CH;OH—TEMPOH+ CH,O+H" (5) 10° M~* st for (NHs)4(H,0)RhOG+ and~1 x 10 for L?-
(H,O)RhOG* at 0.10 M H'.
TEMPOH+ Cr, 00" — Cr, OOH" + TEMPO  (6) _ _
Discussion
The two experiments yielded identical kinetics and a clean As expected on thermodynamic grounds, SUperoxo com-
1:1 [Cr,OC*'J/[TEMPOQ] stoichiometry. The lack of cataly- plexes of Cr(lll) € for Cr. O H+/CraqOO,H2+ =103
sis is prot_)ablly caused by the slow k_inetics of the catalyst V)¥” and Rh(lll) oxidize nitroxyl ra{dicaIsE(m: 0.73-0.91
regeneration in step 6_’ because reagnons 4 _and Sare kn.owr\1/), although the rate constants are many orders of magnitude
to be fast under experimental conditions. This interpretation lower than those obtained for the reactions of nitroxyls with
is supported by the results of several qualitative experimentsg,. inorganic radicals, such as H®O,", and NQ. In
with ELNOH and E{NO. The oxidation of hydroxylamine ¢ case of HOand HQ, the reactions are strongly exoergic

(31) Lowry, T. H.. Richardson, K. SVlechanism and Theory in Organic and the rates are close to diffusion controlled. The reduction
Chemistry 3rd ed.; Harper Collins: New York, 1987; Chapter 2. potential for NQ* (1.04 V)3 on the other hand, is compa-

(32) Samuni, A.; Goldstein, S.; Russo, A.; Mitchell, J. B.; Krishna, M. C.; 7 +
Neta P, A Chem S62003 194 8710 8794, rable’” to that of CgOC?", but th.e rate constants for NO
(33) Ford, W. E.; Rodgers, M. A. J. Phys. Chem. B997, 101, 930 are almost 6 orders of magnitude greater than for the

(34) 9P3?- AN Kozlov. Y. Nzh. Fiz. Khim 1986 60, 327-331 chromium complex. It is not clear whether the greater self-
etrov, A. N.; Kozlov, Y. . Fiz. Khim. , 327—-331. _ 1
(35) Vorob'eva, T. P.; Durova, E. L.; Kozlov, Y.; Petrov, A. N.; Purmal, EXChange rate constant for the OO, CouDIe (0'3 M
A. P. Zh. Fiz. Khim.1986 60, 598-602.
(36) Golubev, V. A.; Kozlov, Y. N.; Petrov, A. N.; Purmal, A. Prog. (37) Kang, C.; Anson, F. dnorg. Chem.1994 33, 2624-2630.
React. Kinet1991, 16, 35-54. (38) Stanbury, D. MAdv. Inorg. Chem.1989 33, 69—138.
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s1)% can explain the difference because the corresponding
parameter is not available for any of the superoxo complexes.

It has been suggested previowlthat the NQ*/nitroxyl
interaction may initially generate an adduct which would
allow the reaction to proceed faster than predicted by Marcus
theory. Superoxometal complexes utilized here have also
been shown to undergo radical coupling, which implies bond
formation, with various small radica?§.Thus, one might
expect that the LMO®& /nitroxyl reactions might also utilize
a precursor in the form of an adduct, but the stability constant 0 v
in this case should be small for steric reasons. At the same ' EIV
time, we note that the rate constants for the reactions of rigye 6. Plot of log k vs the reduction potential (vs NHE) of
nitroxyls with superoxometal complexes and with CRO  (X)TEMPO*/(X)TEMPO for the reaction with GROC?*.
are similar. The somewhat smaller values for CiN@re
consistent with the lower reduction potential (0.9Ffpr of eq 7 for outer-sphere electron transfer. In edaf,and
this oxidant. Since adduct formation between a nitroxyl and Koz are the respective rate constants for the identity reactions
a closed-shell species like C(N@is unlikely, one might ~ for nitroxyls and CxO0?", ki and Ky, are the rate and
argue against an adduct in the reactions of AGMOO?+ equilibrium constants for the cross reaction of eq 1, &isd
as well. a function ofKyy, ki1, koz, and the collision frequendy.As

Thus, we decided to probe the role of steric effects to gain I" &l correlations of this type, the calculated slope-&.47
further insight into the mechanism. To that goal, we aSsumes thaky is the same for all three nitroxyls, a
examined the reaction of TEMPO with two rhodium F€asonable expectation for a series of structurally and
complexes, (NH)4(H,0)RhOG+ and (L2)(H,0)RhOG (L2 electronically closely related compounds.
= Meg-[14]aneN). Even though precise potential data are 05
not available for either complex, we expect the oxidizing Ko = (KpgkooKyof1o) @)
power of the two to be similar, but the crowding at the axial ) . )
sites is much more severe for the macrocyclic complex. Our If we are correct in concluding that these reactions .do not
hypothesis regarding the redox potentials was substantiated@k® Place by outer-sphere electron transfer but instead
by finding that the oxidation of a typical outer-sphere mvolve an intermediate, then the correlatlon |n.F|gure 6
reductant, Ru(NK)e2*, was comparable for the two super- s!mp!y r_eﬂects Fhe effe_ct of the reductl_on pot_entlal on the_
oxorhodium complexes, & 10F M1 s (L = (NHs)) and k|net|_c_s in a series having constant steric requirements. This
~1 x 10°F (L = L?) in 0.10 M H", condition is fqu_HIed_because the steric bulk_around the®

group of the nitroxide does not change with the change of

substituents in the para position, and the counter-reagent,
Cr,fOC?*, is constant throughout the series. The correlation
in Figure 6 is yet another example of the applicability of
Marcus cross-relation to reactions taking place by a mech-
anism other than electron transféft44

The observed inverse solvent kie is small but consistent
with the proposed prior protonation of the superoxometal
complexe€43t This path is much more important in the
reactions of (NH)4(H.O)RhOG™ which appears to be a
weaker oxidant than GOC?" and thus more dependent on
H™ catalysis. Table 2 summarizes all the currently available
data on the role of [H] in the reactions of superoxo
complexes of Cr(lll) and Rh(lll). For each of the two
oxidants, reactions with a smaller driving force are more
affected by H. The reactions of the rhodium and chromium
complexes with (NH)sRupy?™ may appear to be anomalous,
but the acid concentration used in the OC?" study** was
much higher (up to 1 M) to detect thefktatalyzed path,

log k

As shown in Table 1, the replacement of (NHby L2
has a dramatic inhibiting effect on the reaction with TEMPO.
There was no measurable reaction with tAReamplex which
allows us to place an upper limit 6f1 M~* st at 0.020 M
H*, i.e., about a hundred times less than for gNHH0)-
RhOGCG* under identical conditions. These data argue strongly
against outer-sphere electron transfer and for adduct involve-
ment in the L(HO)RhOG"/nitroxyl reactions and, by
inference, also in the GOO?* reactions. This finding is in
full agreement with the known preference of nitroxyl radicals
for the oxidation of primary alcohols over the secondary
ones? an ordering that clearly underscores the importance
of steric effects.

Despite these arguments, the plot of (l&)y vs the
reduction potential for the reaction of nitroxyls with fr
OC?* in Figure 6 shows a strong correlation between the
kinetics and thermodynamics. To make the data strictly
comparable, the point shown for the £3CO?*/(O)TEMPO
reaction represents the fHindependent term, i.ely = 20.6
M~ s A similar trend exists also for the rhodium reactions, (40) sutin, N.Prog. Inorg. Chem1983 30, 441-498.
but the interpretation is more ambiguous because of the(41) Roth, J. P.; Yoder, J. C.; Won, T. J.; Mayer, J.Stience2001, 294,
dominant H' term in the kinetics. (42) 2L5e§34ngzg Jeoung, E. H.; Kreevoy, M. Bl.Am. Chem. So2001,
The slope of the lines in Figure 6 is7.4, which is close 123, 7492-7496.

) i1 (43) Murdoch, J. RJ. Am. Chem. S0d.983 105, 2159-2164.
to the value {-8.4) expected from the Marcus cross-relation (44) Dodd. J. A: Brauman, 3. . Am. Chem. S0d984 106 5356-
5357.

(39) Stanbury, D. MAdv. Chem. Ser1997 253 165-182. (45) Lemma, K.; Ellern, A.; Bakac, ADalton Trans.2006 58—63.
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which becomes negligible under the conditions used in this Table 2. Acid Dependence in Oxidations with Superoxo Complexes of

study (0.10 M H').

Chromium and Rhodiufm

Another parameter that must play a role in determining oxidant reductant k/Mt st source
the importance of acid catalysis is the effect of the metal cr.o0** I- 93.7 [H'] ref 24
and ligands on the basicity of coordinated superoxide and EI???S;EI’OU* I(rlea)sRupf+ 1710X2 }Si ]+ 1.8x 10°[HY] g gg

. 2
thus on the concentration of the protonated form. Unfortu- | zn,0)croc+ |- 729 [H*] ref 45
nately, we do not currently have the data, or means to obtain (L:lwz)CZLCEgCR?;Ow f*BTSZ’ 23586[% 1]0G [H*] re; gi
. ; 2)a(H> - re

them, to address this point separately. . L2(H,0)RhOG* (NH9)sRUpY+ 5.0 x 16F raf 24
The individual steps in the LMO®/R,NO reactions and (NHz)4(H,0)RhOG* O-TEMPO 4+ 2.21x 10°[H] this work
i i ; Cra,O0?* O-TEMPO  20.6+ 77.5 [H'] this work
th_e associated rate Igws pres_e_nte(_j in egBare consistent (NHOJHO)RhOG*  TEMPO 20+ 2250 16 [H'] this work
with all the observations. Entities inside the square brackets (vh,),(H,0)RhOG* HO-TEMPO 25+ 1.1x 10°[H*] this work
represent intermediates formed by prior association of the gfaggi L%MTPEOM bo igg ttpi_s Wori
. . [ - IS wor
reactants, probably by an interaction between the superoxo(Ni'3)4(Hzo)RhO@+ 3.CP 1.7% 103 [H] this work

and N-O moieties. Equation 13 reduces to the observed form Lo 14 o,

for Kap > [H+]. = 14[ane]N; L? = Meg-[14]aneN.
reduction potential and smaller steric requirements fogeHO
Unlike free superoxide, the complexes LM®&0Qare not
subject to nitroxyl-catalyzed disproportionation. This chem-
istry is ruled out by the thermodynamics: the reduction
potential of the nitroxyl radicals is too low to oxidize
LMOO?" (which requires>1 V in the case of GfOO?*).%"

At the same time, LMO® (unlike HO,") lacks an easily
dissociable proton which would provide access to a more
reducing form. Catalytic oxidation of alcohols with gDO?*

was not observed, most likely because the oxidation of
hydroxylamine to nitroxyl by GgOO?* is slow.

LMOO?" + R,NO < [LMOO?",R,NO]
LMOO™ + R,NO" (8)
LMOO* + H* = LMOOH?*" fast (9)
Kobs = Kgkg (10)

LMOO?*" + H" = LMOOH*" 1K, (11)

LMOOH®" + R,NO ==
[LMOOH®*" R,NO] % LMOOH?' + R,NO" (12)
klZKlZ[H +]

Kobs = m (13)
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