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A major goal in understanding the mechanism of synthetic and
naturally occurring metalloporphyrin-catalyzed oxidations has been
to identify the structures of the reactive intermediates, with particular
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thioanisole (PhSMe) to sulfoxide (PhS(O)Me) with iodosylbenzene
(PhIO) as the oxygen source afddas added catalyst. However,
instead o2 serving as the active intermediate, we show that a novel

attention given to cytochrome P450-type processes such as sulPhlO—Mn(V)O adduct is most likely the active oxidizing species

foxidation, epoxidation, and hydroxylation. The importance of high-
valent metat-oxo species (e.g. FeO, Mn=0) in such oxygenation
chemistry is well-establishédalthough typically these species are
short-lived and difficult to observe directly. A generalized scheme
depicting the formation of possible reactive intermediates is shown
ineq 1.
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The consensus view has pointed to the metedo intermediate
Il as being the active oxidant, but recently there is mounting
evidence that the (porph)metadxidant intermediaté can also
serve as an oxidizing agent under certain conditions, functioning
as a possible “second oxidaritA similar typel intermediate has

recently been suggested to compete with the established (salen)-

Mn(V)(O) species in the JacobseKatsuki epoxidatior. In this
communication we provide evidence for a new, third type of
intermediate by examination of oxygen-atom-transfer (OAT) reac-
tions catalyzed by a Maporphyrinoid complex.

The ring-contracted analogues of porphyrins, known as corroles,
have come under intense investigation in part because of their ability

to stabilize high-valent metaloxo species such as Cr(V)O and Mn-
(V)O.#We have recently described the room-temperature isolation
of a stable Mn(V)O corrolazine (Cz) complex, which isrese
N-substituted version of a corrote.
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(R = 4-tert-butylphenyl)

We had previously found that this complex rapidly reacts with
PPh to give OPPh and regeneration of the Mn(lll) complek
This result prompted us to examiainder catalytic conditions in
which an appropriate oxygen atom donor (OX) could be coupled
with a suitable organic substrate, presumably going thraigh
the active oxidant. We report herein the catalytic oxidation of
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in the catalytic mechanism. In additiohjs capable of catalyzing
the selective epoxidation afs-stilbene via the same intermediate.
Previously, the Mn(lll) complex was oxidized t&® by mCPBA
in CH,Cl,, and2 was then isolated by column chromatography.
We speculated that other oxidants should be competent to convert
1 to 2. Both PhIO andp-cyanodimethylanilineN-oxide (CD-
MANO)® quantitatively convert to 2 as shown by UV-vis and
IH NMR spectroscopy (Figures SB4). We then examined the
oxidation of PhSMe under catalytic conditions using both PhIO
and CDMANO as the oxygen atom source. With PhlO as oxidant,
sulfoxidation was catalyzed according to eq 2, and good yield and
turnover (TON= 165) were observed after 5 h.

(o]
S'Me + phio 102mol%) (53.20710:;% Sime + PNl @)
(1.0 equiv.) Bh
(2.5 equiv.) (86% yield)

In contrast, when CDMANO was employed in place of PhlO in
eq 2, less than 4% sulfoxide product was observed after 5 h,
although the Mn(V)-oxo complex2 was clearly present by UY

vis spectroscopy. These data suggest 2Hay itself cannot be the
active OAT agent in the catalytic reaction with PhlO. In addition,
the reaction between isolat@cand PhSMe gave only a 14% yield
(0.14 turnovers) of PhS(O)Me after 5 h, and 45% vyield (0.45
turnovers) after 24 h. This reaction appears to be far too slow for
the Mn(V)—oxo species to be the reactive intermediate in the
catalytic reaction. If isolate@ is added directly to the reaction in
eg 2 in place of the Mn(lll) comple, sulfoxidation proceeds with
the same yield, and TON as found wheérs added as catalyst.
We considered the possibility that the iodobenzene generated during
the catalytic reaction could react withto give Mn(llI)—OIPh (a
typel intermediate), or even potentially activétéoward OAT by
axial coordination trans to the oxo group. The former reaction is
precedented by a recent study which describes an equilibrium
between (porphyFeV(O) (intermediatel ) and (porph)Fé—0OIPh
(intermediatel) with excess Ph2 Thus, the reaction between
PhSMe and2 was run in the presence of a large excess of Phl
(PhSMe:PhR, 464:98:1), but the yield of PhS(O)Me after 5 and
24 h was the same as that found in the absence of Phl.

The catalytic epoxidation dfis-stilbene with PhlO proceeds as
shown in eq 3. Theis-epoxide is preferentially formed over the
trans, and the total yield of epoxides corresponds to 18 turnovers.
In contrast, less than 5%ans-epoxide (and nais-epoxide) is
observed fottrans-stilbene under the same conditions.
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1(0.3 mol%) Ph
Ph" Ph '::LOCT :q::, O * A/ wpnl
e Ph cis Ph PR trans

(5.9 equiv.)
(cis/trans: 62/38; total yield 29%)

When isolated? was combined with excesss-stilbene in the

absence of PhlO, no epoxidation was observed after 24 h, clearly

ruling out 2 as the reactive intermediate. A proposed mechanism
for the catalytic reactions (eqs—3) is shown in Scheme 1. The
first step involves rapid formation of the Mn(¥pxo complex,
followed by coordination and Lewis acid activation of PH®he

Scheme 1. Consensus Mechanism of Oxygen Atom Transfer
PhlO
(Cz)-Mn" —== (Cz)—MnV (Cz)—l\iﬂn" 111
O\
I~ph
Phl + SO S

tion that product distributions are dependent on the nature of the
oxidant (OX)23 Intriguingly, it may be possible to rationalize many

coordinated PhlO then directly transfers an O atom to the substrate.of these previous observations by invoking an intermediate similar

Thus, the active oxidantl is a hybrid of intermediatelsandll in

to Il as the active oxidant, rather th&neven though the high-

eq 1. This mechanism accounts for all observations regarding thevalent metat-oxo porphyrin or salen complex is typically more

catalytic reactivity. Even the diastereoselectivityciststilbene and
the lack of reactivity ofrans-stilbene is taken into account by this
mechanism, since stilbene epoxidations involving previously pro-
posed M-OX Lewis acid catalysts have shown the same patterns
of reactivity?ae3.°

To bolster the support for this mechanism, we conduéted
labeling experiments (eqs6). Complex2 was labeled witH€O
by addition of H!%0 as described previoustyand the label was
quantitated by reaction &with PPh to give labeled OPRH(84%
180 incorporation). Catalytic sulfoxidation wit180 (eq 4) gave
only a small amount ofO incorporation in the PhS(O)Me product.
Importantly, thel80 label in 2 remains intact throughout the
catalytic process; at the end of this reaction quencBi#¥ with
PPh gave!®OPPR with quantitative recovery of thE0O label. The
direct reaction betwee-20 and PhSMe in the absence of PhIO
(under noncatalytic conditions) led to significd#D incorporation
in PhS(O)Me (eq 5). Interestingly, when¥0 was added directly
to the catalytic reaction, higHO incorporation was observed (eq
6). Studies by Valentiri€ and other& have shown that efficient
180 exchange occurs between' 0 and metal-bound PhlO, with
the labeled O atom ultimately being transferred to substrate
(hydrocarbon or alkene). Thus, tHéO-labeling results are in

excellent agreement with the proposed mechanism (Scheme 1), in @

which the highvalent metat-oxo specie® seres only as a Lewis
acid catalyst for the actiation of PhlO, and the O atom in the
coordinated PhIO is preferentially transferred to substrate.

PhI'®0O (5 equiv.)
PhSMe (363 equiv.)

18 PhS(O)Me (4% '“@) (4)

(Cz}—ll\!flln"’—
(1 equiv.)

PhSMe (494 equiv.) PhS(O)Me (61%12@) (5)

mlcl)I PhI'™0 (167 equiv.)
(C2)~Mn" PhSMe (467 equiv.)

(1 equiv.) H'®® (934 equiv.)

PhS(O)Me (82% ¢ @) (6)

To our knowledge this study provides the first evidence for a
high-valent metatoxo porphyrinoid species acting as a Lewis acid
catalyst in the same way as the proposed (pordiiIl) species
| does in eq 1. In fact, much of the evidence fdan the synthetic

porphyrin and salen-catalyzed oxidations comes from the observa-

reactive than the analogous corrole or corrolazine complex. In
addition, similar catalytic reactivity was observed in the epoxidation
of alkenes by manganese corrole complexes and EHl@nd it

was suggested that the active catalytic species may be a higher
valent complex produced by disproportionation of the (corrole)-
Mn(V)O complex?c We suggest that the corrole analoguellbf

may be responsible for the observed reactivity instead of a
disproportionation product.
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