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Abstract: The superoxochromium complex gDC?" abstracts a hydrogen atom from CM#O in acidic
aqueous solution witk = 0.16 M1 s1. This rate constant is only10? times smaller than that for the
reaction of CgO?* with the same aldehydk= 23 M1 s~
between alkoxyl and alkylperoxyl radical, s,o/ki—suoo ~ 1. The absolute rate constants for hydrogen
atom abstraction from a common reagent by metal-oxo and -superoxo species and the corresponding organic
oxygen-centered radicals, R&d RO, can now be compared for the first tim&gyo (9 x 10’ M~1s71) >
kero(23) = ksuoo(8) > keroo (0.16). The reactivity of individual species is explained by the energetics of the
O—H bonds in ROH, ROOH, GiOH?*, and CpOOH?".

Introduction

The superoxochromium complexgDCO?t (hereafter CrO®)
and the aquachromium(IV) ion, O (hereafter Cr@"), react
with rhodium(lll) hydrides L(HO)RhH* (L = (NH3)4, cyclam,
andmeseMeg-cyclam) by hydrogen atom abstraction, egs 1 and
212 The reactions of Cr& are faster than those of CréQ

CrOO?" 12—or whether the observed reactivity pattern is a
general feature governed by the thermodynamics of thé1O
bonds in ROH, ROOH, CrO#, and CrOOH*.

The present work addresses this question by examining
hydrogen atom abstractions by CrOand CrOG™ from the
aldehydic C-H bond in pivalaldehyde. This compound is one

as one would intuitively expect, although the rate constants for of the few that have been sho¥#i?to react with CrG* in a

the two sets of reactions differ by a factor of only about.10

CrO0*" + LRhH*" — CrOOH* + LRR?" (1)

CrO*" + LRhH?*" — CrOH*" + LRh** 2)

1-e process, believed to be hydrogen atom abstraction. Many
other organic materials, including alcohols, ethers, and car-
boxylic acids, react by hydride transfer and would not provide
a suitable comparison for R@eactions. Also, pivalaldehyde
turned out to be sufficiently reactive so that both €r@nd
CrOC*" undergo reduction at convenient rates. Finally, there

There are no other examples of the reactions of oxo and are special features in the radical chemistry of aldehydes, which
superoxo complexes of the same metal with which to compare could be explored to obtain useful mechanistic information in

our data, so we turned to the chemistry of the related alkoxyl
and alkylperoxyl radicals, RGand ROOQ. These radicals, just
like the metat-oxo and—superoxo complexes, are crucial inter-
mediates in metal-catalyzed oxidations of hydrocariSoh&oth
RO and ROOengage in hydrogen atom abstraction, but alkoxyl
radicals are much more reactive, typically by ® orders of
magnitude 10

It is not clear whether this amazing difference between the

the complicated reactions with CrGO

All of the work was carried out in acidic aqueous solutions,
where pivalaldehyde exists as a 4:1 mixture of GBIHO and
CMe3sCH(OH),.13 The kinetic data provide no information on
separate reactivities of the two forms, but the knowledge of the
overall reactivity is sufficient in a comparative study of two
reactions under identical experimental conditions. Similarly, the
radicals derived from the two forms probably exist as a rapidly

metal-based intermediates and O-centered organic radicals isequilibrating mixture of CMgC*O and CMeC*(OH),, eq 3, as

related to the choice of the element-hydrogen bonds exarmined
C—H for RO and ROQ5® and Rh-H for CrO*" and
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is the case with the parent acetyl radicals, ;CHD/CHsC*-
(OH),.2*We are not aware of any kinetics or equilibrium data
for reaction 3, but the analogous equilibrium for acetyl radicals
is established rapidlyk{ = 2 x 10* s71, k ~ 3 x 10* sH14

and has an equilibrium constatdu(qr ~ 1) comparable to that

of the aldehyde itselfnyar = 1.2). Extrapolated to the case of
pivaloyl radicals, these data suggest that both forms exist in
solution. To simplify the notation, the aldehyde and acyl radicals
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are denoted CM€EHO and CMegC*O throughout the paper.

CMe,C'0 + H,0 % CMe;C'(OH), Kpyqr ©)

Experimental Section

Stock solutions of CrO& were prepared from &f and Q, kept
in ice, and used withi 2 h of preparation, as previously describéd.
Except in special cases, such solutions were stabifiasith 0.01—

0.3 M methanol. For air-free kinetic experiments, solutions of CtOO
were purged with Ar in a spectrophotometric cell for 10 min &00

The cell was then immersed into a thermostating bath inside the
spectrophotometer cell compartment which was kept at@5The
reaction was initiated 10 min later by injecting the aldehyde. Ap-
proximately 10% of CrO&" usually decomposed during the degassing
and thermostating procedure. Solutions of Er@ere prepared from
Cr?* and air at 25°C and used immediately.

Solid [(NH3)sCoBr](ClOs), was available from previous wotkMn-
(ClOy4)2,6H,0 (G. F. Smith) was used as received. Commercial
pivalaldehyde (Aldrich) contained an impurity that readily oxidized
Fe.l". The aldehyde was purifiétiby treatment with SnGifollowed
by distillation, and stored over basic alumina in a refrigerator. Stock
solutions of CMeCHO in CH;CN were prepared daily and kept in ice
under argon. The in-house distilled and ion-exchanged water was further
purified by a passage through a Milli-Q purification system.

Kinetic solutions for the reaction of CrGO with CMe;CHO
contained <14% CHCN, introduced air-free with the aldehyde.
Because of this small but variable volume of added;CMN|, experi-
ments with “Q-saturated” solutions had fPup to 14% below the
solubility limit in H,O (1.26 mM). The kinetics of the reactions of
CrOC?" were monitored at 245 nm, where the spectrum of GtOO
exhibits a maximum?-2! This wavelength is also conveniently close
to the minimum in the spectrum of pivalaldehyde (0.1 M HEID4%
acetonitrile in waterdmin = 240 nm,e = 3.1 M~ cm1). The kinetics
in the presence of (NhsCoBrP™ were monitored at 290 nm, where

the absorbance change was still acceptable and the background

absorbance of (NgsCoBr* smaller than at 245 nm. The kinetics of
CrC?*/CMesCHO reaction were monitored at 240 nm, where €rO
has an estimated molar absorptivity ©8000 Mt cm™,

A Shimadzu 3101 PC spectrophotometer was used for all the spectral

and kinetic measurements. Gaseous products were determined with usg

of a Hewlett-Packard model 4790 gas chromatograph.

Results and Discussion

Kinetics. The overall rate and even the shape of the kinetic
traces at 240 nm for the reaction between CfO@nd CMe-
CHO depended strongly on reaction conditions, Figure 1.
Initially, the stock solutions of CrO® contained<0.2 M
methanol to scavenge any CrQ a standard impurity in the
absence of alcohold. Under pseudo-first-order conditions
([CMesCHO] > [CrOO?™) in Op-saturated solutions containing
methanol the kinetic traces were not exponential, and the rate
was [CHOH]-dependent, Figure la. In the absence of oxygen,

the traces became even more unusual and suggestive of

autocatalysis, Figure 1b.

When methanol was omitted, reasonably good pseudo-first-or-
der kinetics were obtained at highkImM) O,, Figure 1a, but
at low [Oy] the reaction still appeared autocatalytic, Figure 1b.

(15) Scaott, S.; Bakac, A.; Espenson, J.likbrg. Chem1991, 30, 4112-
4117.

(16) Scott, S. L.; Bakac, A.; Espenson, J. HAmM. Chem. Sod.991
113 7787-7788.

(17) Kelley, D. G.; Espenson, J. H.; Bakac, laorg. Chem.199Q 29,
4996-5000.

(18) Gordon, A. J.; Ford, R. AThe Chemist's CompanipiViley: New
York, 1972; p 437.

(19) Brynildson, M. E.; Bakac, A.; Espenson, J. HAAm. Chem. Soc.
1987 109, 4579-4583.

(20) Sellers, R. M.; Simic, M. GJ. Am. Chem. Sod.976 98, 6145
6150.

J. Am. Chem. Soc., Vol. 122, No. 6,

1.2
0.30
a
1.0 0.29
0.28
CE:
& 0.27
0.6
0.26
0.4 0.25
0.24
025 500
0.9 0.28
b
27
0.8 0.008 0
0.26
0.7
0.25
5 06
o 0.24
0.5
0.23
0.4 0 0.22
0.3 0.21
025 0 200 300 400 500 60020
time/s

Figure 1. Effect of methanol and ©on the kinetic traces at 245 nm.
Conditions: 30 MM CMgCHO, 0.10 M HCIQ. (a) 0.03 mM CrO@,

1 mM O, no MeOH (bottom trace, right ordinate), 0.12 mM CroQ
0.008 M MeOH (middle trace, left ordinate), and 0.12 mM CFRO0O
.12 M MeOH (top trace, left ordinate). (b) Air-free, 0.03 mM CroQ
mM MeOH (left ordinate), and no MeOH (right ordinate).

The complicated kinetic behavior indicated the involvement
of reactive intermediates, such as GtCand/or the radicals
derived from CMeCHO. Judged by the methanol effect, GO
is not only a left-over impurity from the preparation, but is pro-
bably generated in the course of the reaction as well. The large
methanol effect stems from the fact that reaction® 4ot only
remove Cr@" but also regenerate the reactant CFO®

CrO** + CH,OH— CH,0 + C*" + H,0 k=
52 M ts 112 (4)

crt +0,— Ccroo™* (5)

The expected mechanism for the reaction between CGrOO
and CMgCHO produces CrOOH and acyl radicals CM€°O
at an early stage, eq 6, followed by the chemistry in e@.7
The decarbonylation of CME*O (eq 7aj223and reaction with
02 (eq 7b¥??*are both well documented, even if precise kinetic
data are not available for this particular acyl radical in aqueous
solution. The evidence for reactions 7c and 8 will be presented
shortly.

(21) llan, Y. A.; Czapski, G.; Ardon, Msr. J. Chem1975 13, 15-21.



1094 J. Am. Chem. Soc., Vol. 122, No. 6, 2000
CroC** + CMe,CHO— CrOOH" + CMe,C'O k; (6)

CMe,C'O—'CMe,+CO k<7x10s' (7a)

&CM%C(O)OO ~10°Mtst  (7b)

Croo+

products
CMe,C(0)00 + CroG*" — — — Cro?*

(70)
®)

If a competent scavenger for CM&O or CMgC(0)O0O
could be found, then the system should become kinetically
simple and yield the desired rate constant for reaction 6. The
scavenger should not absorb strongly in the UV and should react
rapidly with acyl or acylperoxyl radicals, but not with Cré0

Several candidates were examined. The free radical 4-hy-
droxy-tetramethylpiperidinoxyl (HO-TEMPO) reacts readily
with C-centered radicals, but it turned out to be too reactive
toward CrOG* (k ~ 200 M1 s71) to be useful in the present
system. 3-Methyl-1,4-cyclohexadiene and Ni(cyclam)oth
of which react with acylperoxyl radicafs,?” also did not work
out. Solutions containing CrC®, CMe&CHO, and 3-methyl-
1,4-cyclohexadiene turned cloudy within seconds, eliminating
the possibility of using the olefin as a trap in kinetic measure-
ments. The macrocyclic nickel complex reacted too rapidly with
CroO*.

The next set of experiments was conducted in the presence

of Mn2*, which scavenges CRO according to eq 982%kg ~
106 Mt s7111 Unlike MeOH, Mr?t does not regenerate
CrOC?" and would appear to be a better scavenger for?CrO
for kinetic purposes.

Mn?* + Cro?t 2= Mn® + CPt ko~ 1PM TS (9)

At [Mn2*] = 2—10 mM, Figure 2, the reaction obeyed
pseudo-first-order kinetics precisely, and yielded rate constants
that were independent of the concentration of 2Mrand
methanol. This result strongly supports the mechanism in eqs
4—9 and clearly implicates CrD as the intermediate respon-
sible for the complicated kinetic behavior in Figure 1. Under
the conditions in this work, reaction 9 is so much faster than
reaction 4 that methanol cannot compete for €rQesulting
in well-behaved kinetics. The sequence of reaction$,57b,

8—9 defines the observed rate constant in the presence #f Mn
and Q as X From the plot in Figure 3, the value ikg=
0.284+ 0.04 M 152,

Additional kinetics experiments were carried out under air-
free conditions in the presence of Co(}JBr?+ as a potential
scavenger for acyl radicals CM&O, as in eq 10. The complete
scavenging of CMg*O should yieldks directly.
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Figure 2. Effect of Mr?* on the reaction between Cr&0(0.12 mM)
and CMgCHO (30 mM) in 0.10 M HCIQ in the presence of 0.12 M
MeOH at (a) [MrfT] = 0, [CrOC*'] = 0.16 mM and (b) [MA"] = 10
mM, [CrOC?*] = 0.12 mM.
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Figure 3. Plot of the rate constants for the reaction between GfOO
and CMgCHO in the presence of added Rn(2—10 mM). Condi-
tions: [CrOG*] = 0.05-0.13 mM, [MeOH]= 0-0.3 M, [H'] = 0.10
M, T = 25.0°C.

CMe,C’O + (NH,)CoB* -~ CMe,C(O)Br + C&** +
5NH," (10)

Because of the intense UV absorption by @H4EoBrR" (Amax
270 nm,e = 1.7 x 10* M~1 cm™1), only limited amounts can
be used in kinetic experiments. The rate conskamheeds to
be >5 x 108 M1 st if (NH3)sCoBP" is to compete
successfully with CrO&" for CMesC*O, kze ~ 10° M~1 s71,
see later. Known reactions of alkyl radicals with Co(§)4Br2*"
have rate constants of omyl1(® M~1s71,17:30put acyl radicals,
especially when hydrated, are strongly reduélrend should
react at least as fast as hydroxyalkyl radickls (0° M~1 s71).30
This turned out to be the case, so that small amounts og)gNH
CoBr?* added to argon-saturated reaction mixtures caused the
kinetic traces to become first order, as shown in Figure 4. The
rate constant, measured at 290 nm, was independent of the

(30) Neta, P.; Grodkowski, J.; Ross, A. B. Phys. Chem. Ref. Data
1996 25, 709-1050.

(31) Occhialini, D.; Daasbjerg, K.; Lund, Hicta Chem. Scand.993
47, 1100-1106.



Metal—Oxo and Metat-Superoxo Complexes

1.0
0.9}
8

V)N

L

<
0.8
0.7 . . " N 1.6

0 100 200 300 400 500 600
time/s

Figure 4. Effect of (NHs)sCoBr* on the reaction between CrG0O
(0.1 mM) and CMgCHO (49 mM) in 0.10 M HCIQ under Ar. (a)
[(NH3)sCoBR*] = 0. (b) [(NHz)sCoBrP*] = 0.69 mM. The first-order
fit to the data in (b) is also shown.

concentration of (NB)sCoBr" in the narrow range accessible
(0.28-0.69 mM). The value, which we assign kg, is 0.16
M~1s1 close to half of that obtained in the presence offMn
and Q (0.28 M~1 s, in full agreement with the predictions.
Additional support for the role of (NgsCoBr2t comes from
the fact that it has no effect in&aturated solutions, in the
presence or absence of R where the radicals are preferen-
tially captured by Q.

All of the experimental data strongly support the proposed
mechanism, including the operation of reaction 8 or a similar
process which produces CtO from CMeC(O)OO and
CrOC**. The role of Mi#* is to remove the Cr&, and the
role of (NHs)sCoBr?™ to prevent its formation by removing
CMezC*O. The 1:1 stoichiometry for reaction 8 is indicated by
the doubling of the rate constant when Ar and @goBr2+
are replaced by ©and Mr?+.

A reasonable mechanism for reaction 8 may involve g& S
attack by CMgC(O)OO at CrOG™, producing a peroxo
complex and molecular Heq 11, followed by homolytic ©0O
bond cleavage in CME(O)OOC#", decarboxylation of O-
centered radicals, and formation of much less rea&t#tert-
butylperoxyl radicals, eqs 1213.

CMe,C(0)00 + CrOG*" — CMe,C(0)00CF" + 0, an

CMe,C(0)00CF" — CMe,C(0)T + Cro*t  (12)
—-Co, 0,
CMe,C(0)0 — "CMe,— CMe,00"  (13)

In support of reaction 11, indirect evidence for bimolecular

homolytic activity of CrOG™ has been obtained earli®rand

the facile cleavage of the peroxidic-@ bond in CrOOCt" is
believed responsible for the formation of GftGfrom Cr2™ and
0,11 It is plausible then that CrOCR may also yield CréF,
especially if R is a bulky alkyl group like CMEO. A similar
O—0 bond cleavage in some acylperoxonickel complexes has
been invoked recentf/.
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2171-2175.
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Table 1. Summary of the Rate Constants {Ms™1)? for the
Reactions of Oxochromium(IV)k¢0) and Superoxochromium
(kcroo) Complexes with Rhodium Hydrides and Pivalaldehyde in
Aqueous Solutioh

kCrO I<CrOO kCrO/kCrOO kthuO/k(fBuOO
L'RhH* ~10* 129 78
LRhD?** 2.70x 100 17 160
(NHs),RhH2* 135
L2RH?* 1.12x 16¢ 24 47
L2RhD?" 338
(CH3)sCCHO 23 0.16 140 ~107
m- andp-XCgH4CHs ~107
DHAd 3 x 10

a[H*] = ionic strength= 0.10 M, 25°C. For rhodium hydrides,
identical rate constants were obtained #O+and 10% HO/90% D02
b Calculated fromk—guoo ~ 8 M~1 s7tin heptan& andk;—guo = 8.9 x
10" M~ st in 1:2 benzene/diert-butyl peroxide. Data are for
propionaldehyd& ¢ References 6 and 43DHA Dihydroan-
thracene® Estimated from the data farBuO" ands-BuOO in ref 8.

The complicated kinetic behavior under air-free conditions
in the absence of scavengers, Figure 1b, is probably caused by
a combination of steps initiated by rapid reduction of CFOO
and/or CrOOR' by CMe&C*O, eventually producing €t, as
observed in some other air-free reactions of CFQ8 It is the
elimination of such steps by the removal of C)# and/or
Cr?* that is responsible for the effect of (NJgCoBP* in Figure
4. From the fact that the reaction of CN&O with 104 M
CrOO*", eq 7c, can successfully compete with decarbonylation,
and takingkza &~ 1% s~ in aqueous solution, we estimatg,
~ 1M 1sl

The kinetics of the reaction between CGtCGand CMeCHO,
eq 14, were redetermined in 0.10 M HGIOAs reported
earlier!? the reaction in @containing solutions failed to produce
CrOQO?", signaling a 1-e mechanism which does not produce
free CE*. The rate constant obtained here, 45D.3 s1, is
close to the value reported earlig¢rlaM ionic strength, 37.1%

6.4 M1 s71.12 Based on the products, see below, we believe
thatkops = 2ki4, and Table 1 lists the corrected valke; = 23
M~1sh

CrO*" + CMe,CHO— CrOH* + CMe,C'O  (14)

Products. The main gaseous product of the reaction between
0.05 mM CrG* and 0.4 mM CMgCHO was isobutene. Small
amounts of isobutane were also observed. The yield of isobutene
was greatly reduced when the reaction was conducted in the
presence of 0.6 mM (NpsCoBr?". These results are easily
rationalized by a scheme whereby the decarbonylation of acyl
radicals, produced in reaction 14, is followed by the oxidation
of the newly generatetert-butyl radicals by Cr®", eq 15.
Similarly, acyl radicals themselves are probably also oxidized
by CrO?*, but the resulting carboxylic acid is not volatile and
would not be detected by GC. Regardless of the proportion of
acyl radicals that undergo decarbonylation, for every rate
determining step (eq 14) an additional mole of €rQs
consumed, and thusps = 2kis. This would not be true if a
significant portion of CMegC*O reacted with @ (eq 7b), an
unlikely possibility at typical oxygen concentrations 80.2
mM?16 in solutions of Cr@". Consistent with this picture, 0.6
mM (NH3)sCoBrR+ caused a large drop in the yield of GH
CMe,.

"CMe, + Cro?" 2% CH,=CMe, + CroH2*  (15)

Large concentrations of CMEHO (>0.02 M) were required
to make reaction 6 significantly faster than the background
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" 19 T . 5 . 3
d_eco_mposmo_n of CrOE’f._ This presented no problem N Cr,O RN Haq+ +e =Cr,H,0 +
kinetic experiments, but did complicate product analysis. The

1
gas phase above the ice-cold reaction solutions still contained AG = —165 kJ/mot

large amounts of CM,EHO which decomposed in the injector ¢y q|_|203+ =Cr.OH*+H.* 23 kd/mol (K, = 4)
of the gas chromatograph into equimolar amounts of isobutene o o 2
and isobutane, making it impossible to determine whether any H,* = Haq+ +e —221 kJ/mof*

additional amounts of these hydrocarbons were produced.

Net:

All of the data point to hydrogen atom transfer as the 2+ N 2+
mechanism for the reactions of CB@HO with both CrG* CragQ™ + Hag = CraOH
and CrOG*. The effect of @and (NH)sCoBR* on the CrOG* AG = —363 kd/mol AH =
reaction, and the effect of (NJsCoBP" on the products of —373 kJ/mol)
CrC?* reaction clearly show that acetyl radicals are involved.  The uncertainty iM\Gys is large, because two of the consti-
An alternative route to the radicals, electron transfer followed tyent parameters, the potential for Gt@Cr3*1 and the bond
by deprotonation of the aldehydic-&1 bond, appears highly  energy for LRh—H2* are only estimates. With this in mind,
unlikely in aqueous solution. and assuming for the moment that/kss ~ 1, we calculate

As shown in Tabl L th rakelkroofor the reactions of - il (Cefaed C8 i Bl ot ok o

n L . N

Cro** and CroG" with CMesCHO is 140, close to that Marcus theory. Similar calculations foBuC/t-BuOQC, using
bond energies of 440 kJ/mol (Buc)*? and 369 (BuOG-
H)33 and again assuming similar rate constants for the identity
reactions for BuBuUOH and BuO@BUOOH yieldskg,o/ksuoo
~ 1(P. The close agreement between the calculated and observed
values for the organic radicals, Table 1, and the acceptable
agreement in the case of chromium complexes supports the

The choice of rhodium hydrides as substrates in our earlier assumptions built into the calculations and points to theHO
work is clearly not responsible for the smélo/keroo ratio bond energies as a factor most responsible for the observed reac-
observed. |nstead, the data Suggest that the energy of-the O tivities. Interestingly, a Strong correlation has also been found
bonds being formed determines the reactivity ratio and the Petween the energy of the-& bond formed and the kinetics
energy of the bonds being broken (RH or C—H) plays a of oxidation of organic materials with CgQl, and MnQ~.*%
minor role at best. Such a behavior is predicted by Marcus 1N finding that CrO®" is only 1¢ times slower than Cr&
theory?5-3 for atom transfef® because the properties of the N hydrogen abstraction reactions may require some of the

common reactant (LRHH or CMexCHO) for the pairs RS catalytic oxidation schemes to be rethought. With some
ROO and Cr&+/CroG~ cancel out exceptions 48 the existing mechanisms usually have metal

superoxo species as (relatively unreactive) precursors to the more
The application of Marcus equation to the reactions of €rO  reactive oxidizing intermediaté8jncluding metat-oxo species.

and CrOG* with a common reagent, say ChEHO, yields With the reactivity differences smaller than previously thought,
eq 16, wherek;s (= kero) andkys (= keroo) represent the rate  at least in the chromium case, it becomes possible for some
constants for the cross reactions with €rCand CrOGH, superoxo complexes to be actively involved in substrate
respectively K1, andKy3 are the equilibrium constants for the  oxidation. Clearly, more data are needed on the reactivity of
same reactions, aridy, ko, andkss are the rate constants for 0xo and superoxo complexes of the same metal and ligand
the identity reactions of the couples CM@#HO/CMeCO, systems. Unfortunately, not too many examples of such pairs
CrO?*/CrOH*, and CrOGt/CrOOH, respectively. The work ~ are kn0\_/vn and we are currently exploring new methods for their
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obtained in the reactions with rhodium hydrides and very much
smaller thark.—guo/k—suoo of ~10” observed for propionalde-
hyde or 16+ for a number of other organic molecufe%$The
data for the reactions of pivalaldehyde witBuO andt-BuOO

are not available, but they are expected to be very similar to
those for propionaldehyde.
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The bond energy for CroH=" is estimated as 373 kJ/mol (48) Kropf, H.; Knaak, K Tetrahedron1972 28, 1143-1151.

from the thermodynamic cycle shown belotvlaM H* and (49) Sheldon, R. A. IrThe Actiation of Dioxygen and Homogeneous

setting AS’ for the net reaction equal to-S° for Haq.! The Catalytic Oxidation Barton, D. H. R., Martell, A. E., Sawyer, D. T., Eds.;
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Table 2. Thermodynamic Data for Chromium-Based Intermediates  s™1) andkguoo (8 M™! s72) surprising. Metat-oxo complexes
and O-Centered Radicals may indeed be more reactive than alkylperoxyl radicals in

O—H BDE (kJ/mol) source electron transfer and oxo-transfer reactions. The energies of the
t-BuOH 440 ref 42 element-hydrogen bonds for C¥@CrOH" and t-BuOO/t-
CI;OE)P(;H >332§ thi?;\/grk BUOOH are, however, quite comparable (Table 2), and the
t-Bu re il :

CroOOMe* 3300 ref 1 similarity between the two rate constants simply supports the

: picture whereby the reactivity in hydrogen abstraction reactions
2 Solution phase. is indeed determined by the energy of the OH bonds.
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