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The creation of homogeneous catalysts for the selective oxidation 2.0
of organic compounds under mild conditions using molecular
oxygen as the terminal oxidant remains an elusive goal. In this
regard, the reactivity of photoactive iron porphyrins is of interest, 1.5
owing to the ability of these systems to utilize @r oxidation
reactions without the need for an external co-reductehiThe
general catalytic cycle for such processes involves photocleavage
of the thermally inert Fe O bonds of bisiron(lll)-oxo porphyrins
to generate a reactive intermediate capable of oxygenating substrate >
with the concomitant formation of 2 equiv of reduced iron(ll) 05 Y
porphyrin. Reaction of the two separate ferrous porphyrin subunits
with O, reforms the bisiron(lll)u-oxo complex for re-entry into
the catalytic cycle. 0%5% 200 500 500 200
Oxygen-atom transfer from a porphyrin platform is preferred for v nm
the side-on approach of substrate to the metalygen bond? This Figure 1. The absorption profiles demonstrate the conversion of benzene

side-on model extends beyond porphyrins and is consistent with aselutions of FeO(DPD)1 (ca. 106 M) in the presence of dimethyl sulfide
wide variety of reactivity patterns involving terminal metalxo (DMS, ca. 0.2 M) at 293 K. The arrows indicate the disappearande of

compounds’ 13 Notwithstanding, all photooxidation reactions with ~ and the appearance of KBPD)(DMS). Spectra were recorded over the
iron porphyrins to date have been carried out using simple SPan é2 hat~15min intervals.

monomeric macrocycles Where the rea(;tlpn coordinate for s.ubstrateof a spring-loaded oxygen-atom transfer can lead to the design of
attack is undirected. For this reason, bisiron(l#pxo porphyrins

. . ) N . efficient photocatalytic oxygenation cycles.
bearing a single Pacman pillar are intriguing because the architecture P y vo y

of the cleft can sterically confine substrate attack to the electroni-
cally favored side-on geometry. Traditional cofacial bisporphyrin
systems, however, have little vertical flexibility (ca. 1 #y16 and
consequently they pose the complication that the photogenerated
terminal metal oxo will readily reform the inert bisiron(lld)}-oxo
species before substrate can attack. To circumvent this problem,
we sought to test the structural limits of pocket size and extend the
vertical flexibility of the Pacman motif and related constructs? 1 2 3
Toward this end, we recently synthesized two novel cofacial
bisporphyrins bearing xanthene (DPX) and dibenzofuran (DPD)  Bisiron(lll) u-oxo porphyrins FEO(DPD) (1), F&O(DPX) (2),
spacers? 22 which exhibit unprecedented vertical flexibility. For  and FeO(Etio), (3) are obtained in excellent yields-00%) by
example, the metalmetal distance of the bisiron(l1)-oxo DPD reaction of the corresponding free-base porphyrins with fFeBd
complex is 3.5 A, whereas the metahetal distance of the relaxed  2,6-lutidine followed by exposure to air and treatment with basic
DPD pocket is> 7.5 A. The vertical flexibility of the DPD platform alumina. Complexed4—3 are thermally inert to DMS. However,
suggests that the bisiron(llp-oxo complex will spring open to irradiation of benzene solutions 43 (Aexc > 360 nm, C-Fe
present the terminal metal oxo upon photon absorption. We reasoned MCT transition) in the presence of excess DMS under anaerobic
that the “molecular spring” action of the scaffold would (i) hinder conditions leads to prompt absorption spectral changes. Consistent
the regeneration of the bisiron(lli}-oxo precatalyst and (i) dictate  with a LMCT photochemistry, the photoreaction efficiency de-
a side-on reaction coordinate for oxygen-atom transfer by presentingcreases significantly (ca. 4@old) as the irradiation wavelength is
the terminal metatoxo species within the cofacial platform. shifted into the Soret spectral regioke: > 400 nm). Figure 1

We now present the first photocatalytic oxidation reactions with shows the evolution of the absorption profiles for the photolysis of
cofacial bisporphyrins. Bisiron(lllx-oxo complexes of both DPD 1 under such conditions. Analogous photoreactions ®it#nd 3
and DPX are active catalysts for the aerobic photoinduced behave similarly. Well-anchored isosbestic points maintained
oxygenation of dimethyl sulfide (DMS) under mild conditions. A throughout the irradiation attest to a clean and quantitative
comparative reactivity study of these compounds with a bisiron(lll) photoreaction. With the appearance of the final absorption spectrum,
u-0xo etioporphyrin containing no bridge reveals that the concept no additional changes are observed with continued irradiation. Also,
no photochemistry is observed upon irradiation of solutions
* To whom correspondence should be addressed. E-mail: nocera@mit.edu. containing only DMS or porphyrin. For each photolysis reaction,
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Table 1. Product Quantum Yields (®p) for Stoichiometric
Photoreactions? and Sulfoxide (DMSO) and Sulfone (DMSO3)
Turnover (TO) Numbers? for Catalytic Photoreactions of Bisiron(lll)
u-0xo Porphyrins 1—3 with Dimethyl Sulfide (DMS) at Aexc >

pressure) without the need for an external co-reductant. The
stoichiometric oxygenation reactions suggest that the superior
efficiency of the DPD complexX over its DPX counterpar? is

360 nm due to its ability to serve as a molecular spring that can be
@, DMSOITO DMSO,TO phototriggered to afford a splayed species upon photon absorption
FeO(DPD) (1) 2% 105 610+ 31 681 3 a_md to promote FeO activation via facile side-on oxygen abstrac-
Fe,O(DPX) (2) 1x10°8 280+ 14 16+ 1 tion by the DMS substrate. Remarkably, DPD-bridged compilex
FeO(Etio), (3) 1x 104 3504+ 18 47+ 2 has a comparable quantum efficiency to unbridged compksren

though the back reaction for reclamping in the former occurs by

:tThneangfgl:\Amgliﬁlsﬁi enXdPerfi"r\]entrS g\_/ere ggr{o%fgehd in ktJelniene at r293 K an intramolecular process. The photocatalytic oxidation reactions
?r?en?sl \;vgre -performeduforeZOahagnOscl)Tuiicc))nsl Icg‘ th.eesgﬁ”lz )écl)cmer;(c?seitilon as show that Sprlng-loaded Pacman porphyrlns Ca.n yleld Supe.rlor
used in (a) under 1 atm of OTurnover numbers were determined by ~ catalysts to unbridged analogues. With the synthetic ability to tailor
analysis of the product yields for sulfoxide and sulfone by using-GIS the cofacial pockets of DPD and DPXwe are now poised to
and*H NMR spectroscopy. construct new scaffolds for multielectron transformations with

enhanced selectivity and reactivity. Current studies are aimed at

mechanistic characterization of the reactive photointermediates and
expanding the scope of multielectron, atom-transfer reactions with
cofacial porphyrin architectures and related platforms.

a single porphyrin product is isolated with an electronic absorption
spectrum identical to that of an independently prepared iron(ll)
porphyrin complex with axial sulfide ligands (e.g., .f2PD)-
(DMS),).23 Moreover, each photoreaction yields a stoichiometric
amount of dimethyl sulfoxide (DMSO) as determinedbyNMR Acknowledgment. We thank Dr. A. B. Retik for his insights
and GC-MS. These results establish a formal two-electron photo- and skilled craftsmanship involving issues of architectural redesign.
reduction of the bisporphyrin attendant to the oxygenation of the C.J.C. gratefully acknowledges the National Science Foundation
DMS substrate. and the MIT/Merck Foundation for predoctoral fellowships. This
Table 1 lists the product appearance quantum yiedplg (or work was supported by grants from the National Science Foundation
the photoreactions of complexés-3 with DMS. Strikingly, the (CHE-0132680) and the National Institutes of Health (GM 47274).
efficiencies for stoichiometric oxygen-atom abstraction span over
4 orders of magnitude. The dibenzofuran-briddezhd unbridged
3 complexes have similar quantum efficienci@s,(= 2 x 1075
and 1x 1074, respectively); in contrast, xanthene derivat®/ées
much less active®, = 1 x 10°8). The photocatalytic oxidation
of DMS with 1—3 can be carried out in the presence of 1 atm of
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dioxygen as the terminal oxidant. These oxygen-atom transfer

reactions proceed under mild conditions (ambient temperature and JA026017U
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