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Dioxygen reactions with rhodium tetramesitylporphyrin
(TMP)RH's (1) and the hydride complex ((TMP)RIH (2)) result
in formation of superoxo ((TMP)Rh® (3)) (eq 1), u-peroxo
((TMP)Rh—OO—Rh(TMP) @)) (egs 2 and 3), and hydroperoxy
((TMP)Rh—OOCH (5)) (eq 4) complexes in benzene at 300 K. The a
(TMP)Rh system provides an unusual opportunity to evaluate the (A
equilibrium relationship between the superoxo améperoxo c
complexes (eqs-13) and to observe the formation and reactions
of the rhodium hydroperoxy species. The central role of these types a
of dioxygen reactions in hydrocarbon oxidatibasd the transport ®) et Moo X 4,00 M
and activation of oxygen in biological processe®mtivates com-
municating these interim results.
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(TMP)Rh* + O, == (TMP)RhO,* (1 ©) X 4.00
(TMP)Rh*+ (TMP)RhO,* =—= (TMP)Rh-OO-Rh(TMP)  (2) PPM "o 1o 1m0 10 "20
2 (TMP)Rh*+ O, == (TMP)Rh-OO-Rh(TMP) 3) Figure 1. Proton NMR spectra for a benzene solutlon of (TMPaIRhO

x 1073 M) at 300 K: (A) absence of & (B) 6 Torr of Qy; (C) 760 Torr
(TMP)Rh-H + O, — (TMP)Rh-OOH € of O,

Benzene solutions of (TMP)R#k (1) in contact with dioxygen [05] (10% M)
show!H NMR spectra that are interpreted in terms of mole fraction 202 + 2 P
averaged positions resulting from limiting fast interchange of O
betweenl and a dioxygen complex, (TMP)RR&Q3) (eq 1) (Figure I (TMP)Rh' + O, <KL~ (TMP)Rh-O,
1). Toluene solutions of when exposed to dioxygerr§, = 90
Torr) give EPR spectra in solutionr<g> = 2.031; T = 253 K)
and glassd; = 2.099;g, = 2.013;g9; = 1.988;T = 90 K) that are
nearly indistinguishable from the values for L(gEN)RhOCG" (L
= meseMeg-[14]aneN), which has been structurally characterized ¥ o s
as a coordinated superoxo spedcies. 8k } } 24
Solutions of (TMP)Rhe (1) and Q in equilibrium with 0 ! 5 C 8
(TMP)RhQ: (3) are meta-stable with respect to the very slow Figure 2. Fast exchange molf:iz:ztihc:)n averagedNMR chemical shifts
formation of a diamagnetic complex assigned as ﬂhaaeroxq fo? the pyrrole ) andgp-methyl @) hydrogens of (TMP)Rh (1) and
complex ((TMP)RR-OO-Rh(TMP) @) (eqs 2 and 3). Rapid  (TMp)Rh-0y (3) in CeDs as a function of [@] at 300 K ([(TMP)Rh]=
formation of theu-peroxo complex of rhodium octaethylporphyrin = 1.0 x 10-3 M). The solid curves are the calculated nonlinear least-squares
((OEP)RR-OO—Rh(OEP)} from reaction of [(OEP)Rh]and G best fit lines forKy, 61, andds fitted to the equation for 1:1 equilibrium:
suggests that the steric demand of the tetramesitylporphyrin Iigand‘sﬂbS (?? + Ki[02]04)/(1 + K4[O2]), in ‘I"’h'Ch d1andos are the'H NMR
leads to a kinetic barrier to produce theperoxo derivative from ifts of for specied. and3, respectively
reaction ofl and3. hydroperoxy complex (TMP)RROOH (5).” The 'H NMR reso-
Changes in théH NMR shifts for the pyrrole ang-methyl nance at—0.30 ppm that is absent in the deuterated derivative
hydrogens §pyroe andd,-c) as a function of the molar concentra-  ((TMP)Rh—OOD) is assigned to the hydroperoxy hydrogen. A
tion of O, are accurately fitted to an expression derived for the 1:1 kinetic study for the reaction d? with O; is shown in Figure 3.
equilibrium (eq 1) (Figure 2). Excellent agreement between the Disappearance of the hydrideis accompanied by formation of
equilibrium constants;(300 K)) evaluated from two independent ~ the transient hydroperoxy compl&which decays to an equilib-
observablesK:(pyrr) = 8.4(0.5) x 108, Ky(p-CHs) = 8.5(0.4) x rium distribution of1 and 3. The kinetic observations in Figure 3
10% T = 300 K provides confidence that the equilibrium between are accurately fitted to a pathway where the hydroperoxy complex
1and3 s accurately described. Equilibrium constants for producing 9 is formed by direct reaction of Qwith 2 followed by an apparent
the u-peroxo complexd from reaction ofl and 3 (eq 2) K, = first-order decay of the hydroperoxy compléx to products
1.2(0.6)x 10%)¢ and from the overall reaction (eq 3{= 1.0(0.6) (TMP)RH'e, H,O, and Q (egs 4 and 5).
;t %3%72)6 Ere evaluated by integration of tHd NMR at equilibrium (TMP)Rh-OOH — (TMP)Rh''+ 1/2H,0 + 3/40, )
Reaction of the hydride complex (TMP)RIH (2) in benzene The rate law for reaction 4«(d[Rh—H]/dt = k[Rh—H][O]) is
with O, produces a transient diamagnetic species identified as the consistent with a direct reaction of (TMP)RHAl with O,. Hydrogen
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Figure 3. Change of concentrations of (TMP)RHI (@), (TMP)Rh—OOH

(m), and the paramagnetic (TMP)Rh specia$ ith time in the reaction

of (TMP)Rh—H with O, (680 Torr) in benzene at 300 K ([((TMP)Rk}

1.0 x 108 M). The solid curves are the nonlinear least-squares best fit
lines for the solution species, which provide rate constantg ahdks as
7.1(1.0)x 102M~1s1and 4.7(1.4)x 1074 s71, respectively.

atom transfer from RhH to a superoxo oxygen (Rh€) was the
anticipated route to form the hydroperoxy complex {RPOH)
because of several similar precedetsit the kinetic study clearly
indicates that an alternate pathway is operating in the (TMP)Rh
system. The sterically demanding mesityl groups must inhibit
(TMP)Rh—H and (TMP)RhQe from reaching the transition state
for hydrogen transfer. A small deuterium isotope efféG{{/ka(o)

= 1.5) and the rate law observed for reaction 4 are most consistent

with a near concerted addition of,@ the Rh-H unit through a
low symmetry transition state.

The hydroperoxy complex (TMP)RHOOH is a transient that
reacts on to form water and (TMP)IRh(1), which contrasts with
most transition metal hydroperoxy complexes that produce a
hydroxide complex (MOOH— MOH + 1/,0,).° Reaction of H
and Q is catalyzed byl as evidenced by the growth of the broad
IH NMR resonance for pO at 0.38 ppm, but formation of
proceeds slowly because the reactior @fith H, is a rate-limiting
termolecular proces$.Tethered dirhodium(ll) diporphyrin com-
plexes with three mesityl groups per porphyrin unit have sterics
similar to those of rhodium(ll) tetramesitylporphyrin (TMP)Rh
and give fast bimolecular reactions with,} which provides a
better opportunity to illustrate catalytic behavior involving dihy-
drogen.

Them-xylyl-tethered dirhodium(ll) diporphyrin complexRRh(m-
xylyl)Rhe (6)) reacts reversibly with @to form mone and bis-
dioxygen complexeseRh(m-xylyl)Rh—0Oge (7) and «O,—Rh(m-
xylyl)Rh—0,e (8)) (Scheme 1). The equilibrium constant& (=
1.5(0.4)x 10% K7 = 7.4(0.2)x 10% T = 300 K for the sequential
dioxygen complex formation were evaluated from the nonlinear
least-squares curve fitting of the observed mole fraction averaged
chemical shifts to the equationdens = (06 + Ke[Oz)07 +
K5K7[02]2(38)/(1 + K6[02] + K6K7[02]2), Whel’eée, (37, andég are
the IH NMR shifts for specie$, 7, and8, respectively. The ob-
served ratio of approximately 2 féts/K5 is the expected statistical
result when the two rhodium(ll) centers are fully independent.

Reaction ofeRh(m-xylyl)Rhe (6) with H, forms the dihydride
derivative H-Rh(m-xylyl)Rh—H (9) rapidly, and9 reacts readily
with O, to form water and regenerat® without observing a
hydroperoxy intermediate. Mixtures of,HPy, > 300 Torr) and
0O, (Po, < 30 Torr) react withs to produce water catalytically until
the G is essentially consumed, and the residualréacts with6
to form the dihydride comple® (Scheme 2). Reaction & with
CH, and Q (Pcy, > 300 Torr,Pg, < 30 Torr) produces only a
stoichiometric quantity of KD and the dimethyl complex GH
Rh(m-xylyl)Rh—CHz (10) (Scheme 2), which does not react
thermally with Q at a finite rate at 300 K.
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More complete thermodynamic and mechanistic studies for
dioxygen and hydroperoxy complex formation and an effort to
evaluate the utility of these species in substrate oxidation reactions
are in progress.
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