5824

On the Reduction of Basic Iron Acetate: Isolation
of Ferrous Species Mediating Gif-Type Oxidation of
Hydrocarbons

Bharat SingHa Jeffrey R. LongtP
Georgia C. Papaefthymidd,and Pericles Stavropoulo$*

Department of Chemistry, Boston Warsity
Boston, Massachusetts 02215
Department of Chemistry, Haard University
Cambridge, Massachusetts 02138
Francis Bitter Magnet Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Receied February 20, 1996

Structurally unspecified iron species have been implicated
in the hydrocarbon-oxidizing FenténJdenfriend® and Gif*
systems. Early versiohf the Gif system were based on
dioxygen activation by ferrous species in pyridine/acetic acid
(py/AcOH) solutions. The choice of solvents and the selectivity
for the ketonization/hydroxylation of certain substrémsygest
that structural/functional similarities, but also discrepangies,
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40%)1° These are occasionally contaminated V@ipy/AcOH
10:1),2 (py/AcOH 5:1), and colorless crystals of [ZI{OCHg),-
(py)2] (5).12 Addition of a large excess of &b to the py/AcOH
reaction filtrates favors the formation 2f Clearly, enrichment
in AcOH and/or E4O shifts the pyridine-dependent equilibria
in the order3 — 4 — 2. Pure2 is obtained by diffusion of
Et,0 into the filtrate of the reduction df with Zn in py/AcOH

may exist between active Gif reagents and the diiron site of the (2:1). Feathery crystals dfare obtained pure from concentrated
hydroxylase component of soluble methane monooxygenasesolutions of3 in py/AcOH (5:1, 2:1) upon addition of ED.
(sMMO).” To investigate these assumptions, we have selectedCrystals of4 suitable for X-ray analysis could only be prepared

the basic iron acetate [F@(O,CCHs)s(py)s]-py (1) (Gif'V)2 as
a point of departure. Pertinent transformations explored in this
study are summarized in Scheme 1.

Reduction (30 min) of 0.40 mmol of brown-blad® with
excess Znin 5.0 mL of C4€N/AcOH (10:1 or 2:1 v/v) or Cht
Clo/AcOH (10:1) results in the precipitatior-@0 °C) of light
yellow crystals of [ZaFe'(O,CCHs)e(py)a] (2, 65%)1° The
analogous reduction of in py/AcOH (10:1 or 5:1) affords
yellow-green crystals of [F€O,CCHz) (py)4] (3, 80%)1011In
contrast, diffusion of BO into the original py/AcOH filtrates
at 10°C vyields yellow crystals of [Pe&(O,CCHz)a(py)s]n (4,
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from 3 in py/EbO(excess) at 10C. In neat pyridine, the
reduction (6 h) ofl with Zn yields 3 (80%, —20 °C) and a
small amount of a brown-black film. Attempts to crystallize
the latter material, which retains Fe(lll) according t-e
Mdéssbauer data, have been unsuccessful. Sp8cesd4 are
also obtained by treatment @fwith iron dust or with H (30
psig)/Pd in py or py/AcOH (10:1). A control experiment
confirmed that compoundsand4 are also generated by stirring
Fe in py/AcOH.

Upon exposure of their py or py/AcOH solutions to pure
dioxygen or air, bott8 and4 are quantitatively converted tb
The reaction o with dioxygen in py/AcOH (2:1) yields red-
black crystals of [Fg222ZNno.7s2Q(02CCHs)s(py)s]-py (1')%°
(95%) and colorless crystals of [A®,CCHy)4(py)2] (6, 75%)12
Compound?' is distinguished froml by its 'H NMR, 57Fe
Mdéssbauer data (10% Fe(ll)), and Fe/Zn ICP microanalises.
Electron microprobe analysis confirmed that each individual
crystal of 1' contains zinc (Fe:Zn= 74:26)13 Admitting
dioxygen to the filtrate of the reduction (6 h) bfby Zn in py
generates [FZnO(OG,CCHa)s(py)z]-py (1'').1* Analogous treat-
ment of 1" with Zn dust yields results nearly identical to those
described forl.

Species2, 3, 4, and 5 are related by equilibria. When
dissolved in py or py/AcOHZ affords quantitative amounts of
3and5at—20°C. Conversely, 0.5 mmol @ and 1.0 mmol
of 5in py or py/AcOH deposit pur@ upon addition of EiO.
Absorption spectra o2 in py or py/AcOH indicate a greater
than 90% conversion t8/4. The UV—vis spectrum o8B in py
(Amax 396 nm €v = 2107); Beer's law observedd[ < 1.0 x
10-3 M)) exhibits a new broad absorptiofin{zx 424 nm) at
higher concentrations. In the near-IR region, concentrated
solutions of3 (10~ M) or filtrates of the reduction of by Zn
dust in py or py/AcOH demonstrate broaétd transition bands
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py/AcOH (2:1). Structural details will be published elsewhere.
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c132) trans positions along the propeller axis (O{dFe—O(1) =
¢ 168.5(2)). The structure of4 (Figure 2) reveals a one-

dimensional chain comprised of asymmetric diferrous units. The

B octahedral Fe(1) atom is bridged by three acetate groups to a

', R more distorted Fe(2) site (Fefl¥e(2) = 3.676 A). The
distortion arises due to the bidentate chelation of the unique

monodentate acetate brid§éo Fe(2) (Fe(2)-0(6) = 2.273(5)

A). Each dinuclear unit is bridged to two adjacent units via

0O(8) and O(7A) (Fe(%):Fe(2) = 5.275 A).

The zero-fielcP’Fe Mssbauer spectrum dfin the solid state
at 4.2 K does not distinguish between the two iron sites=(
1.27 mm/s,AEq = 2.92 mm/s,I' = 0.20 mm/s}® The
temperature dependence of the magnetic moment(afq°°"
= 7.07ug (300 K), 2.58ug (2 K)) is suggestive of antiferro-
magnetically coupled ferrous sites within the dinuclear thit.

Catalytic oxidation of adamantane mediated2sy4 under
Gif conditions (adamantane (100 mg)/catalyst (10 mg)/Zn (1.3
g)/air) in py (27 mL)/AcOH (2.7 mL) for 18 h yields similar
results to those previously reporf@dor 1. The adamantane-
based products, analyzed by GC and-&¥S, include 2-ada-
mantanoneZ, 11.7%;3, 11.3%;4, 10.1%), 2-adamantana?,(
1.4%; 3, 1.3%;4, 1.3%), 1-adamantano2,(0.5%;3, 0.6%;4,
0.7%), 4-(1-adamantyl)pyridine2( 5.4%; 3, 5.8%; 4, 6.0%),
and 2-(1-adamantyl)pyridin@(3.2%;3, 3.3%;4, 3.2%). The
preference for secondary over tertiary carbong@g) is in the
range 1.2-1.4.

This study provides an inorganic template to place Gif
chemistry on a rational basis. Structureelates favorably to
the asymmetric diferrous site of sMMB. However, any
genuine relation to the active site of SMMO needs to be drawn
on the basis of the geometric features of the active oxidant
involved. This point, along with the question of whether the
present ferrous compounds are kinetically competent to mediate
oxidation of hydrocarbons, will be the subject of future
investigations.
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Figure 1. ORTEP diagram of showing 40% probability ellipsoids
and atom-labeling schemes.
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Figure 2. ORTEP diagrams o8 (top) and4 (bottom) showing 500  ASsociation (IIRG-95-087).
and 30% probability ellipsoids, respectively, and atom-labeling schemes. Supporting Information Available: Text describing analytical and
(Amax =~ 850 (em ~ 8), 1180 €v ~ 8) nm) which are almost spectroscopic data and tables containing listings of crystal and data
identical to those exh,ibited in near-IR/ATR (ATR attenuated collection parameters, atomic coordinates and isotropic thermal pa-
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Compoundl’ (su Orti)n ?nformation) crvstallizes in space ment parameters fd', 2, 3, and4 (27 pages). Ordering information
p Supp g . Ty pa is given on any current masthead page.
groupR32 featuring trinucleagn-oxo units with crystallographi-
cally imposedDs symmetry (at 223 K cluster disorder does not JA960529P
allow the different metal s[tes to be distinguished). The structure (15) (a) Goldberg, D. P.; Telser, J.; Bastos, C. M.; Lippard, $atg.
of 2 (Figure 1) features a linear arrangement of the metal centers,ghgnlzll%? 3011 30%5%01254.4(11)% R4a3rg|n, R. L.; Tolman, W. B.; Lippard,
I ie i i i i . J.New J. em X — .
\;Vr;tg ct)?:(ae ﬁgg?;gmggggeg@ atom bndg?}d’ via t\évo dbl(ljlerll.tate (16) For a similar result on a closely related compound, see: Coucou-
. groups, to the tetrahe rally igatedanis, D.; Reynolds, R. A., lll; Dunham, W. R. Am. Chem. Sod 995
zinc atoms. The structure & (Figure 2) reveals a distorted 117, 7570-7571.

octahedral Fe environment with an impog@gaxis bisecting _(17) Evaluation of the exchange coupling constanspr the one-
h ial ol defined by the f bonds. Pvridi dimensional solid} is in progress.
the equatorial plane defined by the four-H¢ bonds. Pyridine (18) Rosenzweig, A. C.; Nordlund, P.; Takahara, P. M.; Frederick, C.

rings are arranged in a propeller fashion, while acetates assume\.; Lippard, S. JChem. Biol 1995 2, 409-418.



