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Mixed-Valent Heptairon Chloride Cluster Supported by the Porphyrin-Linked Dicarboxylate Ligand PDK
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Significant advances have been achieved in the design and -

. . . o0 HO o~ 0.
synthesis of metalloporphyrins and dinuclear metal complexes % p % p
for mimicking the structures and functions of the active sites of g e 1 pSaliie g 1
cytochrome P-450and non-heme diiron enzyméghese syn-
thetic model studies provide useful information about the met- ¢ gﬂg &) & % <)
alloenzymes that otherwise would be difficult to obtain. Our
laboratory has a longstanding interest in obtaining functional Hy(@,0-PDK) (MML, (6,0-PDK)]
models of soluble methane monooxygenase (sM®EXforts to

prepare such compounds have on occasion led to polyiron clusters  Compound3 was obtained in 65% yield by reacting(e,o.-
having unprecedented structural and electronic properties. Ex-ppK) with excess FeGlin the presence of 2,6-lutidine in THF

amples include the molecular 18-wheéland ferric whee?, at reflux under an inert atmosphere (Scheme 1). An X-ray crystal
mixed-valent polyiron oxo complexes that model the biominer-

alization of the ferritin coreand complexes containi{d-e,0,} &+ Scheme 1

centers.

Recently, we designed and synthesfzadporphyrin-linked
dicarboxylate ligand PDK, whereft,o-PDK) is a,,a-5,15-bis-
(a-N-(Kemp’s triacid imido)e-tolyl)-2,8,12,18-tetraethyl-3,7,13,-
17-tetramethylporphyrin, that incorporates features of both the
hydroxylase (MMOH) and reductase (MMOR) proteins in the
sMMO systen?®® Assembling both heme iron and carboxylate- Hy(o.0-PDK) Hzo
bridged non-heme diiron units in a single molecule, this ligand
can supply a redox-active metalloporphyrin to deliver electrons, structure determination revealed the formation of a compound
like MMOR, as well as the bis(carboxylato)diiron core of MMOH  having an unprecedented structureGafsymmetry containing a
to activate substrates. We previously repottedat reaction of ~ central open cage F€ls cluster supported by four bridging
Ha(o,a-PDK) with FeBe in the presence of 2,6-lutidine afforded ~ carboxylate groups from two PDK ligands (Figure 1, Scheme 1).
a novel triiron(ll) complex [Fg{o,a-PDK)(Lut)(Br)x(n?-u3-HBr)] In order to supply bridging carboxylate ligands to the central
(1), in which a neutral HBr molecule bound to the three ferrous cluster, the two Kemp’s triacid moieties in each PDK ligand of
ions in an unprecedented manner. A similar triiron(ll) complex 3 have rotated toward one side of the porphyrin ring, away from
[Fes(a,o-PDK)(Lut)(1)o(572-us-HI)] (2), with basically the identical the convergent orientation adoptedliand2.1° The two porphyrin
geometrical arrangement fig was isolated when Feivas used units both have bound iron and are arranged in a V-shape, the

to replace FeBrl° Here we report that reaction of,fdt,a-PDK) dihedral_angle between the rings being 1 The individual rings
with FeCh under the same conditions gives a mixed-valent are relatively planar (rmsét 0.146 A), compared to the nonplanar,
heptairon chloride cluster [F@x,0-PDK),(u4-Cl)(13-Cl)4(u-Cl) - distorted conformation found it (rmsd-+ 0.288 A) and2 (rmsd
(CN(H,0)] (3), the nature of which is described. + 0.212 A)2° The coordination sphere of each 5-coordinate heme
iron Fe(1) is completed by chloride ion CI(1) that forms a bridge
(1) éa)cl\f]ansué, Dg%%f%f?zﬂ- Tisls993 125 129-142. (b) Meunier, to non-heme iron Fe(2) in the central cluster. Four of the five
. Chem. Re. , — . . : .
(2) () Feig, A. L.: Lippard, S. Chem. Re. 1994 94, 759-805. (b) Que, non-heme iron atoms in the cluste_r (Figure 1), Fe(2), I_Ze(ZA),
L., Jr.; True, A. E.Prog. Inorg. Chem199Q 38, 97—200. (c) Que, L., Fe(3), and Fe(3A), form an approximately planar quadrilateral,
) gr.); vE\)/O?tg' Y-SAch):- (IiAhem-hR?i992 2% tg(f%]%j ¥ 45 the edges of which are bridged by carboxylates from the PDK
a atton, 5. P.; Masschelein, A.; Rebek, J., Jr.; Lippard, &.Am. H v : : :
Chem. S0c1994 116 51965205 (b) Herold. .- Lippard, S. 3. Am. !lgands. All have Six coordinate (_)ctahedr_al geometries. The f_|fth
Chem. Soc1997 119, 145-156. (c) LeCloux, D. D.; Barrios, A. M.; iron atom, Fe(4), in the cluster is coordinated only by chloride
MiZOglilg;’]i, T. 3, Lippardd S. 1. Am. Chhem. S0d.99§ 120, 9001~ ions and has five-coordinate, square-pyramidal geometry. In
9014. Lee, D.; Lippard, S. J. Am. Chem. S04.998 120, 12153~ iti idai H H
12154. (e) LeCloux, D. D.; Barrios, A. M.; Lippard., S.Bioorg. Med. add.ltlon to the two brldglng chI_onde 1ons, Cl(l) and Cl(lA)‘
Chem.1999 7, 763-772. linking the heme and non-heme iron atoms, there are three other
(4) Watton, S. P.; Fuhrmann, P.; Pence, L. E.; Caneschi, A; Cornia, A.; chloride ion binding modes in the molecule including eneCl
9??2:1,2767.6L.; Lippard, S. JAngew. Chem., Int. Ed. Engl997, 36, ion, CI(5), fourus-Cl ions, CI(2), CI(2A), CI(3), and CI(3A), and
(5) Taft, K. L.;.Delfs, C. D.; Papaefthymiou, G. C.; Foner, S.; Gatteschi, one terminal Cl ion, C|(4)' The a\_/era_ge el bond lenthS
D.; Lippard, S. JJ. Am. Chem. Sod.994 116, 823-832. decrease, as expected, with coordination number. The distances
(6) I?g’ﬁsb% Papaefthymiou, G. F.; Lippard, S. Science1993 259, are 2.20 A to the terminal chloride ion, 2.34 Apg-Cl, 2.48 A
(7) (a) Gorun, S. M. Lippard, S. Jnorg. Chem.198§ 27, 149-156. (b) to u5-Cl, and 2.69 A tqu,-Cl. The significantly longer distances
Armstrong, W. H.; Roth, M. E.; Lippard, S. J. Am. Chem. Sod.987, between the chloride ion with the unusual-face-bridging
109, 6318-6326. coordination mode and the iron atoms indicate very weak Fe
(8) Zhang, X.-X.; Lippard, S. 1. Org. Chem200Q 65, 5298-5305. Cl bonding
(9) Gassner, G. T.; Lippard, S. Biochemistry1l999 38, 12768-12785. ! .
(10) Zhang, X.-X.; Fuhrmann, P.; Lippard, S.Jl.Am. Chem. Sod.998 Based on charge balance, the_hepta”on comg@lecan be
120, 10260-10261. formulated as a mixed-valent species,"[Hed's(o,0-PDK)x(te4-
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Figure 2. Mdssbauer spectrum ¢ at 77 K. The solid lines are the
theoretical fits corresponding to the superposition of two inequivalent
Figure 1. ORTEP plot of3. Hydrogen atoms are omitted for clarity. iron sites. See text for derived Msbauer parameters.

Thermal ellipsoids are drawn to enclose 30% probability. Selected

interatomic distances (A) and angles (deg): Fe(Ep(2), 4.432(2); Fe- Scheme 2

(2)---Fe(3), 3.475(2); Fe(2)Fe(4), 3.423(2); Fe(3)Fe(4), 3.299(2); Fe-

(1)-N(301), 2.058(6); Fe(5N(302), 2.057(6); Fe(5N(303), 2.051(6); /\)_ )\ )\
Fe(1)-N(304), 2.051(5); Fe(HCI(1), 2.254(3); Fe(2y0(102), 2.033- o3 ~o) M
(5); Fe(2)-0(202), 2.055(5); Fe(2)CI(1), 2.432(3); Fe(2yCI(3), 2.498- 4 Ho A pe OH,
(3); Fe(2-Cl(2A), 2.539(3); Fe(2}CI(5), 2.749(2); Fe(3yO(101), ch"\ H™ Ny a- e\ & dimerization
2.016(5); Fe(3)0(201), 2.024(6); Fe(3)O(401), 2.162(6); Fe(3)Cl- = -{{z cl
(2), 2.449(3); Fe(3)CI(3), 2.461(3); Fe(3)CI(5), 2.638(2); Fe(4)Cl- “Lut 6
(2), 2.476(2); Fe(4}CI(2A), 2.476(2); Fe(4yCI(3), 2.456(3); Fe(4) T Fe Drem, Fe(szeam
CI(3A), 2.456(3); Fe(4¥Cl(4), 2.197(5); Fe(1yCI(1)-Fe(2), 142.1(1);
Fe(3)-Cl(2)-Fe(4), 84.11(9); Fe(3)CI(2)—Fe(2A), 90.11(10); Fe(4) ”20 /(
CI(2)—Fe(2A), 86.08(9); Fe(4)CI(3)—Fe(3), 84.27(11); Fe(SCI(3)— 5 CI’FG‘%I S che~c1 o
Fe(4), 87.39(11); Fe(2)CI(3)—Fe(3), 88.95(11); Fe(3)CI(5)—Fe(3A), , FeCl
131.77(13) iy ERMLEIMER I 'Fe‘Cl
| ' o/ >:1 c1 o /él/(‘l Cl
- e’ ‘Fe’
Cl)(us-Cl)4(u-Cl),CI(H,0),]. The mixed-valent nature of the F
compound was confirmed by a'Msbauer study. The \sbauer Hzo Fe(“’dFe(m)z Hzo 3 Fe(n)sF e(tin,

spectrum (Figure 2) of soli@ at 77 K displays two overlapping

quadrupole doublets. Doublet A has= 0.92 mm/s and\Eq = will be displaced to afford a species having low coordinate non-

2.47 mm/s; doublet B has = 0.47 mm/s and\Eq = 1.10 mm/ : ; ar

> X L . 4 . heme iron(ll) centers, which dimerizes to generate a neW,-Fe
s. The isomer shifts are characteristic of high-spin Fe(ll) and high- Fl, intermediate. Reaction with additional Fe@roduces the
spin Fe(lll), respectively. The approximate area rat|o between flnal isolated comples3.

o | bl € g0 e e i Heme Yo S " Complea eprsents vy rare xanr s molcul
containing four different halide coordination modes, terminal,

have+2 oxidation. The assignment of doublet B to the Fe(lll) 45, and us, in a single molecule, thew-Cl having unusual

heme units is in agreement with ggbauer parameters typical . :
of high-spin iron(ll% porphyrin complexed 'IPhe short Fe(ylE)} tetragonal pyramidal geometry. The proposed mechanism for
Cl(1) distance of 2.254(3) A further suppdrts the assignment formation of3 provides a rationale for the reaction difference of

) ) - . : " FeChb with Hy(o,a-PDK) compared to FeBrand Fe} and is

The formation of the mixed-valent iron chloride clusBaather " : S
than the chloride analogue bfand2 was unexpected in view of consistent with the proposed binding mode of the HX molecules
the generally similar reactivities of FeCFeBp, and Fej. The in 1 and2.1° Preliminary results show that the PDK ligand can
failure to isolate [Fe{o,0-PDK)(LUt)(Cla(n>s-HCI)] is presum- support the formation of a variety of r‘r_letal clusters having
ably due to its instability. We propose (Scheme 2) that this interesting structural featuré%.Ongs again, our attempts to
L ) : . assemble carboxylatadiiron centers ™’ to mimic that in sMMO

complex forms initially upon reaction of F ith Ha(a,0-PDK f :
as o?:curs for FeBraﬁd I?:ei- Because o]ﬂ; sm::tfller radiu?é of and related proteins have afforded a novel polyiron cluster.
the chloride (1.81 A) compared to bromide (1.96 A) and iodide  Acknowledgment. This work was supported by grants from
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when1l was treated with excess propionitri&'3In the presence
of a trace amount of water, presumably from FefCkidine bound

to the non-heme iron atoms in the putativé /&' intermediate
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