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Superoxometal complexes L(H,0)MOO?* (L = (H,0)s, (NH3)s, or Ng-macrocycle; M = Cr', Rh") react with iodide
ions according to the stoichiometry L(H,0)MOO?* + 31~ + 3H* — L(H,O)MOH?* + 1.5, + H,0. The rate law is
=d[L(H,0)MOO?*)/dt = k [L(H,O)MOO?][I"][H*], where k = 93.7 M~2 s~ for Cr,002*, 402 for ([14]aneN4)(H20)-
CrO0%, and 888 for (NH3)4(H,0)RhOO?* in acidic aqueous solutions at 25 °C and 0.50 M ionic strength. The
CraqO0?*/I~ reaction exhibits an inverse solvent kinetic isotope effect, ku,o/kn,o = 0.5. In the proposed mechanism,
the protonation of the superoxo complex precedes the reaction with iodide. The related Cr,qOOH?*/I~ reaction has
ki,o/kn,0 = 0.6. The oxidation of (NH3)sRupy?* by Cr,q00?* exhibits an [H*]-dependent pathway, rate = (7.0 x 10
+ 1.78 x 105H*])[Ru(NHs)spy?*][Cr,q00%. Diiodine radical anions, I,*~, reduce Cr,O0% with a rate constant k =
17 x 109 Mt 57,

Introduction substrates, iodide ions. The guiding question was one of
d mechanism. There are no convincing examples of O atom
transfer in the chemistry of superoxometal ions except in
the reactions withNO, where radical coupling precedes the
O—0 bond cleavage? eq 2.

The acid-catalyzed oxidation of halides, phosphines, an
sulfides by hydroperoxo metal complexes in aqueous
solutiond~5 takes place by oxygen atom transfer, as dem-
onstrated in several examples by isotopic labetifiginlike
_the parent hydroger_l peroxide, which exhil_aits both ac_id- L(HZO)MOOZ++'NO—>[LMOON02+] .
independent and acid-catalyzed pathways in the reactions N
with these substratés;” most of the metal hydroperoxides LH,OMO™ +°NO, LM = Cryq, Rh(N,) (2)
react exclusively through the acid-catalyzed path, eq 1, where
L represents the equatorial ligand(s) € (H20)s, (NH3)4,
or Ng-macrocycle), S is the substrate, and M is the metal
ion (CM"', RA", or Cd"). The same is true for the anionic
complex (CN3CoOOH".5

Direct O atom transfer to iodide, a nonradical species,
would thus be unprecedented. Electron transfer, however,
would initially generate iodine atoms in a thermodynamically
unfavorable reaction, eq 3. Surely, rapid follow-up steps, eqgs
4 and 5, could drive the reaction to completion, but the uphill

—d[L(H,0)MOOH] . N thermodynamics of the first step should make the overall
at = kgL(H,0)MOOH"][S]H '] (1) reaction rather slow.
We have now turned to the reactions of the corresponding  L(H,0)MOC*" + I~ — L(H,0)MOO" + I’ 3)

superoxometal complexes, L{B)MOOC?**, with one of these
L(H,O)MOO" + H" = L(H,0)MOOH*"  fast (4)
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I*. Such a mechanism, eq 6, adopted, for example, by the 0.05
reaction between Fé and I,*% would exhibit a second-
order dependence on iodide concentration. 0.04 -
. _ —HO S _ 003t
L(H,O)MOO*" + 1 o~ LIIMOO™ 2y
I, + L(H,O0)MOOH" (6) = 0.02r
_ o o 0.01}
The results of a detailed kinetic and mechanistic study of
the oxidation of iodide with three LED)MOCO?" complexes 0 ‘ . . .
are presented herein. 0 01 02 03 04 05
10°[HY 1171/ M
Experimental Section Figure 1. Plot of kepsVs the product [f] x [H*] for the reaction of Cr

OC?" (0.010-0.035 mM) with iodide ions in 0.10 M HCIQ
The superoxometal complexes LIBYMOC? were prepared as

described previousl§>*2 Their concentrations were determined concentration, 0.10 M H the measured rate constant was
spectrophotometricaly?? immediately before the reaction with g 444 022 M1 g1

iodide. Except in a few experiments that utilized an argon or The reaction is first order in [H. Figure 1 shows a plot
dioxygen atmosphere, most kinetic solutions contained 0.4 mM O of kepe against the product [ x [I] at 0.50 M ionic

the “natural” concentration that resulted from mixing the- O h. The line h ) d 937
saturated stock solutions of L{B)MOC?*, air-saturated solutions strengt L, i ine has a zero intercept and a skepe: 93.
of dilute HCIO, and NaClQ, and argon-saturated solutions of +10M*st

iodide. The results were unaffected by the variations in the ~ The yield of [b + Is7] was calculated from the final

concentration of @ absorbance at 350 nm, usikg = 830 M (eq 7)° and
Stock solutions of iodide (0.10 M) were prepared by dissolving €(I37) = 26 000 M* cm™. These data, combined with the
Kl (certified A.C.S., Fisher) or Nal (99.999%, Aldrich) in,B. initial concentration of GgOO?", yielded the stoichiometric

The iodide content was determined spectrophotometricaliyc(  ratioR= [l + l57]«/[CradO0?]o = 1.47 £ 0.05, consistent
=226 nm,e = 1.46 x 10" M~* cm™) after diluting to appropriate  with the reaction in eq 8 followed by rapidlk~ equilibration

concentration levels. Stock solutions were deaerated with a streampf eq 7. This stoichiometry defines the rate constants
of argon and kept in the dark. ineq 9.

Kinetics of the L(HO)MOQO?"/I~ reactions were determined at
the 350- or 290-nm maximum in the absorption spectrumgof |
by using a U\~vis Shimadzu 3101 PC spectrophotometer. The
'I;lnet_lc study of the_d' /Cra Q0" reaction ut_lllzgd an LKS 50 CraqOOH +3I + 3H+—>CraqOH2+ +15L+H0 (8)

pplied Photophysics laser flash photolysis instruniénthe
radicals were generated frogflk™ in the presence of excess.gr —d[CraqOOZ+] di,] -
OC?" by a 355-nm flash from a Nd:YAG laser. The reaction was o = 0.667T = kCr[CraqOOH][I IHTT (9)
monitored at 380 nm, where*t exhibits a maximume = 9.4 x
108 M~ cm 114 All of the experiments utilized 0.6 mM-| 0.030 . L
mM I, and 0.10 M HCIQ. For the oxidation of Ru(NK)spy?* by On occasion, the kinetic traces would come to an unusual,

the superoxometal complexes, we used an Olis RSM 1000 stopped-aerpt stop, especiglly at high iodide Cor_lcentratiOBQ ( )
flow spectrophotometer. mM), as shown in Figure 2a. Such behavior would persist

The ionic strength was maintained in some experiments at the for several stock solutions of OO, but eventually the
0.50 M level with NaCIQ + HCIO,. Laboratory-distilled water ~ System would return to normal and yield traces such as that
was purified further by passage through a Millipore Milli-Q water shown in Figure 2Db.
purification system. All of the kinetic experiments were performed  Prior to the break, the traces were strictly exponential. The

L+1" =1, K, @)

at 25.0+ 0.2°C. fit to first-order kinetics with floating Absyielded the same
rate constant as that obtained from well-behaved traces that
Results exhibited no break. The stoichiometry calculated from the

Cr,q002*/I~ Reaction In the presence of a large excess final measured absorbance remained the same as that in eq
of iodide, the build-up of415~ followed exponential kinetics 8- Clearly, the stoichiometry calculated from the fitted Abs
in most of the experiments (see below) and yielded identical Was greater thaik = 1.5. In the worst case, the deviation
rate constants at 350 and 290 nm. The reaction is first orderWas about 10%, but more typically it was withir-5%.
in iodide as shown by the linear plot &fps against [I] We looked for the potential role of several species that

(Figure S1, Supporting Information). At constant acid a'€ known or suspected to be present in our solutions, but
most had no effect; that is, they neither improved the

(10) Fudge, A. J.; Sykes, K. W. Chem. Soc1952 119-124. “broken” traces nor introduced a break for solutions that gave

(ﬁ) gmkankvxaj LA: Cagawe“, g gggfél-1€he%%g€g:*«1%17,321562—2566- well-behaved kinetics. In solutions containing, @he fol-

2133 Moo f Esrgénscfr:nj. e Bakac,?AAm. Chem. S00.992 114 lowing additives at concentrations up to 1 mM were without
9510-9516.

(14) Devonshire, R.; Weiss, J. J. Phys. Chem1968 72, 3815-3820. (15) Eigen, M.; Kustin, KJ. Am. Chem. Sod.962 84, 1355-1361.
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Figure 2. Kinetic plots and fits to the first-order rate equation for the reaction @f@?" with iodide ions obtained for different stock solutions under
identical conditions: [f] = 1.0 mM, [H'] = 0.10 M, [G;] = 0.4 mM, and [CHOH] = 0.01 M; [C,dO0C?*]o = 0.021 mM (a) and 0.020 mM (b).

. 3+ P e : : Table 1. Summary of Kinetic Data for Acid-Catalyzed Reactions of
effect: 'CF, Feaq. ' (both potential impurities in solutions L(H,0)MOC2* and L (HO)MOOE* with lodide lons in Acidic
containing transition metals and perchlorate ions),&m Agueous Solutions at 25C

(scavenger for GFO?*), Cu.ét (scavenger for superoxide),

) . complex kIM—2s71 source
Zn,¢?* (formed during Zn/Hg reduction of f*), and CHO " -
f . . Crad0®? 93.7 this work
(produced from GgO?" and methanol during the preparation CradO0?* 185 this work
of Cr,OC?"). Also, the behavior of the system was LYH,0)Croc+ b 402 this work
: 4 !
unchanged when methanol was replaced with ethanol as a (NHa)«(H20)RhOG 888 this work
scavenger for GFO?' in the preparation of GQOO?". CragOOH2* 988, 1120 ref 3, this work
The break in kinetic traces could be eliminated or at least Egzﬁq?g)'-g;ooﬁﬂ o this work
made much less prominent if the reactions were carried out Ll(Hzo)RhooHH b 536 ref 2
in the presence of large amounts of methanol (2 M) or  (NH3)4(H.0)RhOOH* 8800 ref2
2-PrOH (1 M). Small amounts of chromate<Z0 uM) aIn D,0, from data at 0.10 M DCIQ P L = [L4]JaneN. ¢ L2 = Meg-

removed the breaks while keeping the rate constant and the/14]aneN.

stoichiometry unchanged. Copper(ll) ions had the same

effect, but only if the kinetic solutions were deaerated by Crag’*, and traces of HCr@. Because the unusual traces

purging with argon prior to the reaction. were observed only occasionally and gave the same kinetics
Superoxide ions appear to be responsible for the observedas the fully exponential ones, they cannot be attributed to

behavior, although neither the chemistry leading to,#10  the main CxOC0**/I- reaction and will be ignored in further

O, nor the reason why HEO, ~ itself would cause the  discussion. Moreover, the reactions of two other superoxo-

observed distortion of the kinetic traces, is obvious. metal complexes, {H,0)CrOG* (L' = [14]aneN) and
Perhaps the most convincing evidence for the involvement (NHs)4(H-0)RhOG™, which always yielded clean exponen-

of the superoxide is the effect of G@f, a powerful catalyst tial traces (see below) exhibited in their reactions with iodide

for the dismutation of superoxide under air-free conditions ions kinetic dependencies similar to those 0f{00**. This

where the two oxidation states, i and Cug", alternately finding strengthens our confidence in the results obtained

oxidize and reduce H®O,*~ .16 The situation is differentin ~ Wwith Cr,{OO”", despite an occasional unusual trace in this

O,-containing solutions, where Gfi generates both free and ~ reaction.

bound superoxide in the reaction with.8 Consistent with Deuterium Isotope Effect. Two sets of experiments, one

this picture, Cw* had no effect on the GOO?*/I~ reaction in H,O and one in PO (95-96% D content), were carried

in air-saturated solutions but did clean up the kinetics in the out for the C5OO?*/I™ reaction. At 0.10 M H(D)CIQ, the

absence of @ rate constants were 9.35 Ms ! (H,O) and 18.5 (O),
Similarly, chromate reduces superoxide ions rapidly, which yielding an inverse solvent kinetic isotope effekii/kp =
may be the source of its effect on the,@C?*/I~ reaction. 0.5. Similar experiments with the hydroperoxo complexqCr

The alcohols, however, are not expected to react witi’HO OOH*, in 0.10 M H(D)CIQ, yielded ky = 112 andkp =
Oy~ under the conditions of our work but may be involved 184 M™!s™%, and thus/kp = 0.6. Theky value agrees well
at some stage preceding the formation of superoxide- with the one calculated from our earlier data, 98.8' %3
generating intermediates in the,&t/O; reaction. As noted  All of the kinetic data are summarized in Table 1.
earlier; this chemistry is complex, and the rates of oxygen  |%(H,0)CrOO2"/I~ Reaction. The reaction stoichiometry
bubbling or Cg" addition may change the proportion of s [I, + I57]/[L (H,0)CrOG*]o = 1.42+ 0.05, consistent
various intermediates before they are converted g0, with the chemistry analogous to that shown fogOI0?* in

— : - : - : egs 8 and 9. In the presence of a large excess of iodide and
(16) CBLe;f]'{"RBe'f.Hb;t'aggg?l{: 1D64El;1Alrgg." R. L Ross, A B. Phys. H*, the kinetic traces were exponential and yielded values
(17) Mi, L.; Zuberbuhler, A. DHelv. Chim. Actal991, 74, 1679-1688. of kops that were linearly dependent on the concentration of
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Figure 4. Plot of kops vs [H'] for the reaction between gOC?*t and
Ru(NHs)spy?*.

104] Craq002+] M

Figure 3. Plot of kops Vs [CradOO?'] for the reaction of CGiOC?+ with
1*~. Conditions: [C§OC?*]o = 0.05-0.16 mM, [I"] = 0.6 mM, [I;] =
0.03 mM, and [H] = 0.10 M.

iodide and H, Supporting Information, Figures S2 and S3. radical reactions? but an outer-sphere mechanism cannot

At 0.50 M ionic strength, the third-order rate consthi; be entirely ruled out. Self-exchange rate data are not reliably

defined in the same way' &s, in eq 9, is 402+ 7 M2 5711 known for either partné? in reaction 12, which prevents us
(NH2)4(H,0)RhO02+/| - Reaction. Solutions of (NH),- from making a Marcus estimate for the rate constant.

(H.0)RhOG™, prepared photochemically from (NJAH:O)- e

RhH2* in oxygen-saturated solutioA,contained large I3 - 21, (11)

amounts of (NH)4(H.O)RhOOH" as a natural impurity.
Because both species react with iodide, the kinetic traces
were biexponential. The data analysis by consecutive kinetic ) , !
treatment yielded two sets of rate constants. The faster of In support of the chemlstry_ ineq 12, the_ﬂnal absorb_ance
the two agreed with the independently known rate constant at 3?0 nhm was consistent with the formgnon of 1 equiv of
for the (NHy)4(H,0)RhOOH /I~ reaction, 8.80« 1C° M2 I/ls~. Also, the qbsorbance of the re_act|0n _solutlons grew
s1, eq 10, although the precision of the data was low. The between successive laser shots, consistent with the additional,
reason is the choice of concentrations in the present work,sm,Wer forma_non of 415 fro,”,‘ CraOOH" and I'. As
where we sought to optimize conditions for the slower WHten. reactlo?+12 has a drlz\img force of 0.8 V.
(NH3)4(H,O)RhOG"/I~ reaction so that a large portion (up L(H,0)MOO**/Ru(NHz)spy*" Reactions.The first-order

to 80%) of the hydroperoxo stage was completed during the dependence on [H in the reactio_ns of L(bD.)MOOH
manual mixing of the reagents. To obtain precise rate complexes with iodide raised questions about timing and the

constants for the (NBl(H,0)RhOG/I - reaction, we fixed site of proton attack. Specifically, doef a_protonated form
the rate constant for the faster stage in the calculations at itso_]c th_e superoxo complex _L(’ED)MOOHB exist and pla_ly a
known value. kinetic role? To help provide some answers and to find out

whether [H] catalysis is a general feature of the reductions
+, |- + :
(NH3)4(H20)RhOOI-f+ I of L(I.-|ZO)MOO2 , we examined the effects ofﬂ-b+n the
. B reactions of two superoxometal complexes,O6*" and
(NH,)(H,0)RhOH " + 1/, (10) L2(H,O)RhOG (L2 = Meg-[14]aneN), with a typical outer-
e ) . i sphere reductant, Ru(N}dpy?".
The (NH)y(H0)RhOG'/I™ reaction exhibited a first- At a constant acid concentration, mixed second-order
order dependence on ffand [I'], as shown in Supporting | inetics were observed for both reactions, as expected. As
Information, Figure S4. The value of the third-order rate g4 in Figure 4, the dependence orT#or CraOC?* is

constant iskg, = 888 i 15 M~ Sfl' - well described by eq 13, whekg = 7.0 x 10* M~ s and
CraqO0?*/I~ Reaction. There is a reasonable possibility ki = 178 x 10° M2 s at 0.30 M ionic strength.

(see Discussion section) that the LGIMOC?*/I~ reactions
generateland b*~, which might dimerize or react with G —d[Ru(NHy)py?']
OO?*. To determine the likelihood of the latter reaction under . =
the conditions of the GOO?*/I~ reaction, we determined + + "
the kinetics of the GgOO?*/l,;*~ reaction by laser flash (ko + kH DIRU(NHZ)spy* 1[Cr, 00 (13)
photolysis.

Immediately after the flash, the absorbance at 380 nm
increased, owing to the formation ¢f1, and then decreased
exponentially with [CsOC?**]-dependent kinetics, egs 11 and
12 followed by eq 7. A plot ok.ps against the average £+

I~ + Cr, 00" 1, + Cr, OOH* (12)

The observation of a pronounced acid-dependent term lends
credence to our assertion that protonated superoxometal
complexes are involved, especially when the reduction of
L(H,O)MOCG?** to L(H,O)MOO" is thermodynamically

OC?* concentration, Figure 3, yielddd, = (1.7 £+ 0.1) x unfavorable; see Discussion section.
10° M~1 s, The reaction probably takes place by initial (18) Bakac, AAdy. Inorg. Chem 2004 55, 1-59.
radical coupling, as observed earlier for othepO0?"/ (19) Stanbury, D. MAdyv. Chem. Ser1997, 253 165-182.
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On the other hand, the?(H,O)RhOG*/Ru(NHg)spy?" I~ faster than GHOO? does. The same is true for the other
reaction showed no dependence or][kk = (4.96+ 0.13) two L(HO)MOCO?*/L(H,O)MOOH?* couples. We were not
x 1P M~1 st at 0.050< [H*] < 0.30 M). able to find a specific, selective reagent forlin the

presence of the other reaction components.

As an alternative to the one-electron path of eq 14, the
One-electron oxidation of 1by Cr,JOO?", as in eq 14, is reaction might take place in a two-electron oxygen atom
thermodynamically uphill by-0.3 V12021potential data for ~ transfer step, as shown in egs 19 and 20. From an upper

the other L(HO)MOQ?" complexes in this work are not limit for the Cr,{OO?"/Cr,{O?" potential <1.5 V in 1 M
available, but they are not expected to differ dramatically HCIO4)!, reduction potentials for the coupled T (1.33 V)
from those for C{OO?*. and b*~/21~ (1.03 V), and equilibrium constants for reactions
5 and 21, we estimate the driving force for reaction 19 in
Cr, 00" +1" +H" —Cr, OOH" + 1" (14) 1.0 M HCIO, to be <0.5 V. Even though this is only an
upper limit, it would seem that no reasonable correction of

If the reaction adopts the one-electron path, then the the estimated GfOC?*/Cr,0*" potential could make reac-
unfavorable thermodynamics must be overcome in part by tion 19 thermodynamically less favorable than reaction 14,
the rapid follow-up formation of 2t~ and its irreversible  for which AE = — 0.33 V at 1.0 M H-.
oxidation with CgOC?*, egs 5 and 12.

The first-order dependence on {Hclearly rules out an
outer-sphere oxidation of Iby Cr,OO?", for which AG
would be greater than that for reaction 14 by an amount ~, 2+ |- M~ e+ - (20)
determined by the K, of the product CLOOH?*. This K, 2 2 2
is probably around 78, similar to the value estimated for a l,+H,O=10H+ 1 + Ht
macrocyclic cobalt compound, }(H,0)CoOOH".?22 The _ —13 g2
equilibrium constant for reaction 1% & M H* is thus only K=2>x107"M = (ref23) (21)
~10"12 M1 Even if the reverse of reaction 15 proceeds at
a diffusion-controlled rate, the fonNaI? Q?th could have a experimental evidence for such a path. Tests fog@f
rate cpnstant of no more than F0M s 4 orders of proved to be inconclusive. Mgt and Cg¢*, both of which
magmtude less than that for the experimentally observed ., rapidly oxidized by GgO?", had no effect on the reaction.
reaction. This result, however, does not rule out the involvement of
Cr.dO?" because the oxidized forms of both scavengers react
rapidly with I~ and would simply replace 2" in that

Most likely, a rapid acie-base equilibrium generates small role.

1 + i i
amounts of the reactive, protonated superoxometal complex,. L (,HZO)CFOOZ_ IS unique among the three sup(_aromdes
which oxidizes iodide in the next step, egs 16 and 17, I this work. This ion gives rise to a hydroperoxide that

followed by the known chemistry of,Il>~, and CEOOH* undergoes an intramolecular transformation to a strongly

Discussion

Cr 00 +17 + H" —Cr, 0% +I0H (— 1, (19)

Despite the thermodynamic considerations, there is no

Cr, 00" +1~ —Cr, 00" + I’ (15)

in eqs 5, 12, and 18. oxidizing Cr(y) complexz* Under cgrefully gelepted exper'i-
mental conditions (low concentrations of iodide and acid),
Cr, 00" + H* = Cr, QOH** (16) the one-electron reduction oft(H,0)CrOCG* with iodide
should initiate a rapid chain reaction, provided th&Eit(V)
CraqOOI—r3+ +1 —>CraqOOH2+ +1I° a7 reacts with T in one-electron steps. Under such circum-

e stances, the limiting step in the overall reaction should be
Cr, OOH" + 17 ——Cr, OH" +1,+ H,0  (18) the hydroperoxo-to-oxo conversion, which las 0.19 s1.25
No chain reaction was observed, suggesting that either the
The equilibrium constant for reaction 14 taking place by L1(H,0)CrOCH/I- reaction proceeds by a two-electron route
any mechanism, including the sequence shown in egs 16 anghat bypasses the hydroperoxide or, more likely, thHark
17,is~10"° M. Again, setting the limit fok at 10°M~* (V) reacts with iodide in a two-electron process that bypasses

s 1 for the reverse step, the forward reaction must Have I/,

10°M~2s™%. The experimental value, 93.7 ¥s ™, satisfies The experimental data for the reactions ofuith all three

this requirement. Thus, the one-electron process of eq 14 ofsyperoxides are consistent with both electron transfer and O
its equivalent is consistent with the data. atom transfer, as shown for QDO?* in eqs 14 and 19,

A good test for the chemistry in eq 14 (o+r eqs 16 and 17) respectively. At this stage, the one-electron path appears
would be the observation of either DOH" or I~ asan  preferable despite the less-favorable thermodynamics (avail-

interm+ed_iate. Unfortunately, measurable amounts QfrCr  aple only for the aquachromium case). Our mechanistic
OOH" did not and could not accumulate even if the reaction preference is based on the similarities of the rate constants,

took place as in eq 14 because this hydroperoxide reacts with
(23) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrpth ed.;

(20) Kang, C.; Anson, F. Anorg. Chem.1994 33, 2624-2630. Wiley-Interscience: New York, 1988.
(21) Stanbury, D. MAdv. Inorg. Chem.1989 33, 69—138. (24) Bakac, A.; Wang, W.-DJ. Am. Chem. S0996 118 10325-10326.
(22) Kumar, K.; Endicott, J. Anorg. Chem.1984 23, 2447-2452. (25) Bakac, A.; Wang, W.-Dlnorg. Chim. Acta200Q 297, 27—35.
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which lie within a factor of <10 for the three superoxo the greater value fdki6. The magnitude of the effeck/ko
complexes. Such a small spread seems reasonable for one= 0.5) is similar to that observed in the JOOH/I-/H*
electron reactions vyielding hydroperoxo compleXes. reaction ku/kp = 0.6), for which the prior protonation
Oxygen atom transfer, however, would initially produce mechanism is considered most likélso, the protonation
LMV O?" complexes. Although the thermodynamic data are constant for a macrocyclic oxoruthenium(V) complex has
not available, we would expect reaction 19 to be more ki/kp = 0.46 M 128 The similarity between these values
favorable for the oxophilic chromium than for the rhodium, strongly supports the prior protonation mechanism for all
opposite from the order of the rate constants in Table 1. three L(HO)MOQ?**/I"/H* reactions in this work.
Admittedly, this analysis is complicated by the observed acid  Another argument in favor of such a scheme is the
catalysis. In addition to intrinsic reactivity, the differences observation of an acid-dependent path in thgQ®**/

in protonation constants will also influence the observed (NHs)sRupy** and CgO0*"/hydraziné® reactions. In both
kinetic trends. cases, the involvement of an ion pair/complex is highly

Regardless of whether the reaction takes place by electront!Nlikely. The operation of a parallel, acid-independent path
or atom transfer, the involvement ofthelps the reaction N the CeOO*"/(NHz)sRupy** reaction and the lack of any
thermodynamically and kinetically. In our proposed mech- 2cid dependence in théH,0)MOC?*/(NHz)sRupy’* reac-
anism, the superoxo complex accepts a proton prior to thetion are consistent with the much greater reducing power of
reaction with iodide, eqs 16 and 17, so that the observed (NHa)sRUPY’™ (E = 0.305 V¥ compared to that of 1(1.33
rate constant is the produg€ték, . A different order of events, V), which is clea}rly sufficient for the reactlon_to gen_erate
for example, the formation of an ion pair or a complex, €Ven the hydrolytically less stainLﬁﬁl)MO@ ions with
followed by the reaction with K, eq 22, appears less likely the rate constants exceeding' 20" s™.
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