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The clusters [FsSg(PE)g] 2" have been shown by other investigators to be formed by the reaction of [Fe-
(OHy)¢]? and HS, to contain face-capped octahedra$gecores, and to be components of the five-membered
electron transfer series [F&(PE)e]"™ (n = 0—4) estalished electrochemically. We have prepared two additional
series members. Reaction of fSg(PE)e]%" with iodine in dichloromethane affords [F&(PEt)g]3", isolated

as the perchlorate salt (48%). Reduction ofsfls@PEt)e]?T with Na(PhCO) in acetonitrile/THF produces the
neutral cluster [F&Sg(PEb)g] (65%). The structures of the four clusters witk= 0, 1+, 2+, 3+ were determined

at 223 K. The compounds [E8(PEk)e](ClO4)s, [FesSe(PEB)g] crystallize in trigonal space grougBc with a =
21.691(4), 16.951(4) A; = 23.235(6), 19.369(4) A, arll= 6, 3. The compounds [E8(PE&)e|(BF4)2, [FesSe-
(PE®)g](BF4):2MeCN were obtained in monoclinic space grolas/c, C2/c with a = 11.673(3), 16.371(4) A,

b = 20.810(5), 16.796(4) A = 12.438(4), 23.617(7) A3 = 96.10(2), 97.98(2) andZ = 2, 4. [FeSs(PE)s]-

(BPhy), occurred in trigonal space groRl with a = 11.792(4) A,b = 14.350(5) A,c = 15.536(6) A,a =
115.33(3y, f = 90.34(3}, y = 104.49(3}, andZ = 1. Changes in metric features across the series are slight but
indicate increasing population of antibondings&gecore orbitals upon reduction. Zero-field &&bauer spectra

are consistent with this result, isomer shifts increasing#y0.05 mm/s for each electron added, and indicate a
delocalized electronic structure. Magnetic susceptibility measurements together with previously reported results
established the ground stats= 3/, (3+), 3 (2+), /> (1+), 3 (0). The clusters [RSs(PEk)e]"" possess the
structural and electronic features requisite to multisequential electron transfer reactions. This work provides the
first example of a cluster type isolated over four consecutive oxidation states. Note is also made of the significance
of the [FeSs(PEg)s]™ cluster type in the development of iresulfur—phosphine cluster chemistry.

Introduction Cluster compounds, including those above, often support
multisequential electron transfer reactidfd’ Chemically
Over the past decade, a new family of molecular transition reversible addition or removal of electrons from clusters can
metal-chalcogenide clusters of general formulations(D4 result in measurable changes in core dimensions, which in
(PRs)s]®#" has emerged. Their cores consist of a regulagr M favorable cases can be traced to the nature of the electroactive
octahedron face-capped by eight chalcogenide atoms Q. Thisorbital. Fast electron transfer rates between members of the
stellated octahedral geometry is isostructural with the repeatingsame electron transfer series are indicative of low reorganiza-
cluster units in the Chevrel phaskspwever, terminal tertiary
phosphine ligands isolate the cores, marking these clusters as(6) (a) Cecconi, F.; Ghilardi, C. A.; Midollini, S. Chem. Soc., Chem.
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but increasing number of clusters in this family have been g

(7) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Zanello, P.
prepared and include those with the coreéQ)Se,2 CrsQs (Q
= S3a SedaTeM), MogQs (Q = S* Sé), WeSs,® FasSp,6710
and CQQB (Q — S,ll Se}lf,lz Te13 )_14,15
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tional barriers and attendant small core structural changes.
Although many types of clusters are capable of redox behavior,
metal-sulfur clusters exhibit a notably rich reversible electron
transfer chemistry. Of the various types o§(s-Q)s clusters,
those with the FgSg core have an especially pronounced redox
propensity. The first example of these clusterse @ ER)s] %",

was reported in 1981 by Ceccoet al” Thereafter, [F&S-
(PE)s] " was described;the structures of both clusters have
been established by X-ray analy$i$. Cyclic voltammetry of
[FesSs(PEB)g]2" in dichloromethane solution exhibits four
chemically reversible redox events over the potential interval
—1.0 to +1.4 8 (vs SCE), indicating the existence &ife
consecutive oxidation states fSg(PE)e]"™" with n = 0—4 in

the electron transfer series (1). Of these, salts ok3ke

4+ T136YV

3+ +0.80V

[FesSs(PES)e] [FesSs(PEL)e]

s=9,
[FesSy(PEL)S]
s=11,

[FesSy(PEL)G° (1)
S=3

—-1.03V

2+ +0.06V

[FesSy(PEL)l
S=3(4?)

(PEB)s] 2" have been isolated as BPrand/or Pk~ salts. Other
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Pursuant to our general interest in iresulfur clusters and
their relevance to biological systems as redox centers, we have
synthesized and structurally characterized two additional oxida-
tion states in series 1, [F&(PEg)g]*3". Together with previous
results’®11 this work provides the first example of a cluster
type isolated ovefour consecutive oxidation states. We have
taken this unusual opportunity to determine core structural
parameters at the same temperature as well dsshauer
spectroscopic and magnetic properties. These results afford an
expanded characterization of this, the most extensive electron
transfer series in ironsulfur cluster chemistry.

Experimental Section

Preparation of Compounds. All operations were performed under
pure dinitrogen atmosphere, and solvents were distilled and degassed
prior to use by standard procedures unless noted otherwise.

[FesSs(PEts)s](BF4)2. A solution of 2.00 g (5.93 mmol) of [Fe-
(OH,)g](BF4)2 in 100 mL of THF was treated with 3.50 mL (23.4 mmol)
of PE% under stirring to afford a cloudy blue-gray mixture. To this
mixture was added 0.11 g (1.0 mmol) of solidJSafollowed by 0.226
g (4.92 mmol) of solid LiS. The resulting brown-black reaction
mixture was stirred overnight. A small aliquot was withdrawn and
evaporated to dryness, and the residue was dissolved in acetonitrile;
the'H NMR spectrum revealed the “basket” cluster {&£PE)s] * 18
as the only soluble cluster product. The solvent was remiveacuq
the black residue was dissolved in a minimal volume of Tld& 25

members of the series have been electrochemically detected butL), and the solution was filtered. To the filtrate was added 0.096 g

not isolated.

Such extensive redox flexibility must arise from a closely
spaced set of electroactive orbitals, a situation supported by
Xo—SW MO results which place the highest set of partially
occupied orbitals of [F&s(PEL)g]2™ within an interval ofca.

1 eV1011 Associated with this orbital spacing are paramagnetic
ground states. Magnetic susceptibility measurements at 20
300 K establish a= "/, (uer = 7.7 us) ground state for [FS-
(PEt)e](PFs), which can be rationalized by ferromagnetic
coupling between six low-spin Ee (S = %, and one
intermediate-spin P& (S= 1)1 The magnetic behavior of
the oxidized cluster [R&Ss(PEb)g]2" as its BP~ and Pk~ 11
salts is more complicated because of the marked temperatur
dependence of the magnetic moment. At1300 K, [FeSs-
(PEB)e](BPhy), follows the Curie-Weiss law with a Curie
constant suggestive of = 3 state ifg ~ 1.7. The room-
temperature magnetic moment of [Bg(PE)s](PFe)2 IS peit =
6.6 ug and has been attributed to &+ 4 ground state arising
from the interaction of five low-spin and one intermediate-spin
Fe™ (S=39/,). At lower temperatures the magnetic behavior

of both compounds is complex and apparently involves a change

in cluster spin as all iron atoms become low-spin. The
theoretical calculations admit tfi&= 4 and 3 states in the spin
manifold of the cluster. Spin states of other clusters in series
1 are considered below.

(14) The MsQs cubic core is not restricted to molecules with terminal
phosphine ligation; cores coordinated by other ligand types include
Zrg(S)S2 and ReQs (Q = S, Se): (a) Long, J. R.; Williamson, A.
S.; Holm, R. HAngew. Chem., Int. Ed. Endl995 34, 226. (b) Long,

J. R.;; McCarty, L. S.; Holm, R. HJ. Am. Chem. Sod995 118
4603.

(15) For a recent comprehensive account of structural aspects of-metal
chalcogenide clustersf.: Dance, |.; Fisher, KProg. Inorg. Chem.
1994 41, 637.

(16) (a) Geiger, W. E.; Connelly, N. @\dv. Organomet. Chenmi985 24,

87. (b) Lemoine, PCoord. Chem. Re 1982 47, 55;1988 83, 169.
(c) Drake, S. RPolyhedron199Q 9, 455.

(17) (a) Zanello, PCoord. Chem. Re 1988 86, 199. (b) Zanello, PCoord.
Chem. Re. 1989 87, 1. (c) Zanello, PStruct. BondindBerlin) 1992
79, 101. (d) Zanello, P. IrStereochemistry of Organometallic and
Inorganic Compound<Zanello, P., Ed.; Elsevier: Amsterdam, 1994;
Chapter 2.

(3.0 mmol) of elemental sulfur. The reaction mixture became green-
black and was stirred overnight. THg NMR spectrum of an aliquot
treated as before showed that {E€PE&)s]" was the only soluble
cluster species. The mixture was filtered, and the filtrate was allowed
to stand overnight in the air. A black crystalline solid was collected
by filtration, washed with THF, and drigd vacuoto give 0.22 g (15%)
of product. *H NMR (MeCN): 6 —6.70 (CH;), —45.6 (CH). Anal.
Calcd for GeHooB2FsFesPsSs: C, 29.33; H, 6.15; F, 10.33; Fe, 22.73;
P, 12.61; S, 17.40. Found: C, 29.36; H, 6.08; F, 10.41; Fe, 22.75; P,
12.74; S, 17.33.

[FesSs(PEts)s](BPha).. This compound was prepared aerobically.
A solution of 0.240 g (16&mol) of [FesSs(PE&)s](BF4)2 in @ minimal
volume of acetonitrileda. 1.5 mL) was filtered, and 0.111 g (32énol)

&of solid NaBPh was added to the filtrate. The black microcrystalline

product that formed immediately was collected by filtration, washed
with acetonitrile and ether, and drigdvacua This material was twice
recrystallized by diffusion of ether into saturated solutions of dichlo-
romethane to give 0.29 g (91%) of pure black crystalline product. Anal.
Calcd for GgH13BoFesPsSs: C, 52.03; H, 6.76; Fe, 17.28; P, 9.58; S,
13.23. Found: C, 52.49; H, 6.78; Fe, 17.60; P. 9.63; S, 13.44. This
compound has been prepared previously by a somewhat different
procedure.

[FesSs(PEts)s](BPhs). To a solution of 100 mg (51.&emol) of
[FesSs(PEB)e](BPhs)2 in 1 mL of dichloromethane was added 184
(54.2 umol) of a 0.295 M solution of sodium benzophenide in THF.
Solvent was removeith vacuqg the residue was washed with ether and
redissolved in a minimal volume of dichloromethane, and the solution
was filtered. Ether was diffused into the filtrate over 48 h, causing
the separation of a solid, which was collected, washed with ether, and
dried in vacuo to afford 50 mg (60%) of black crystalline proddit.
NMR (CDCly): 6 —11.4 (CH), —71.4 (CH). Anal. Calcd for
CeoH11BFesPsSs: C, 44.49; H, 6.85; Fe, 20.69; P, 11.47; S, 15.83.
Found: C, 44.29; H, 6.74; Fe, 20.61; P, 11.36; S, 15.68.

[FesSs(PEts)e]. A 0.295 M solution of sodium benzophenide in THF
(ca. 400uL) was added dropwise to a stirred solution of 74.0 mg (50.2
umol) of [FesSs(PER)s](BF4)2 in 1 mL of acetonitrile until a black solid
precipitated and the supernatant became nearly colorless. The solid
was collected, washed with acetonitrile and THF, and then extracted
with 5 x 5 mL portions of warm toluene. The brown-black solution
of the combined extracts was filtered; rapid addition of acetonitrile to
the filtrate caused separation of a black powder. This solid was

(18) Snyder, B. S.; Holm, R. Hnorg. Chem.199Q 29, 274.
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Table 1. Selected Crystallographic Détéor Cluster Oxidation States—4 and6

1 2 3 4 6
formula GeeHooClsFes012PsSs CseHooB2oFsFesPsSs CgaH1zBF&sPsSs CaoHoeBFsFesN2PsSs CaeHooFesPsSe
fw 1598.8 1474.1 1938.9 1469.4 1300.5
crystal system trigonal monoclinic _triclinic monoclinic _trigonal
space group R3c P2i/c P1 C2/c R3c
z 6 2 1 4 3
a A 21.691(4) 11.673(3) 11.792(4) 16.371(4) 16.951(4)
b, A 20.810(5) 14.350(5) 16.796(4)

c, A 23.235(6) 12.438(4) 15.536(6) 23.617(7) 19.369(4)
o, deg 115.33(3)

B, deg 96.10(2) 90.34(3) 97.98(2)

y, deg 104.49(3)

v, A3 9467(4) 3004(2) 2281(2) 6431(3) 4818(2)
T,K 223 223 223 223 223

R (Ry°), % 2.51 (2.83) 4.49 (5.08) 4.02 (4.08) 3.92 (4.08) 3.18(3.58)

a Obtained with graphite-monochromated Mok = 0.710 73 A) radiation® R= Y ||Fo| — |Fe|l/3|Fol. ¢ Ry = { X [W(|Fo| — |Fc|)2/ Y [W|Fol} 2

collected by filtration, washed with acetonitrile, and drisdacuoto
afford 42 mg (65%) of pure product as a black solitHH NMR
(CéDg): 0 —6.20 (CH), —42.0 (CH). Anal. Calcd for GeHoo
FesPsSs: C, 33.25; H, 6.98; Fe, 25.77; P, 14.29; S, 19.72. Found: C,
33.41; H, 6.86; Fe, 25.85; P, 14.19; S, 19.60.

[FesSs(PEts)s](ClO 4)s. This preparation was performed in air. To
a solution of 111 mg (75.4mol) of [Fe&Ss(PEE)s](BF4)2 in 5 mL of
dichloromethane was added a large excess of solid iodme 60 mg,
0.63 mmol). The reaction mixture was stirred overnight, solvent was
removedin vacuqg and excess iodine was removed from the residue
by multiple washings with ether. The residue was redissolved in 20
mL of acetonitrile, and 14.6 mg (75:0mol) of solid AgBF, was added
with stirring to replace the iodide generated in the oxidation reaction
with tetrafluoroborate. A light yellow solid (Agl) was removed by
filtration. The filtrate was treated with 27.7 mg (22fol) of NaCIQ,
and refiltered. Several volume equivalents of ether were diffused into
the dark solution over 48 h, resulting in the precipitation of black
crystals and a white impurity. The solid mixture was collected and
washed several times with acetonitrile/THF (1:1 v/v), causing dissolu-
tion of the white solid. The remaining solid was dried in vacuo to
give the product as 58 mg (48%) of black crystalsl NMR (MeCN):
0 —2.15 (CH), —21.1 (CH). Anal Calcd. for GeHooCls-
Fes012PsSs: C, 27.04; H, 5.67; Cl, 6.65; Fe, 20.96; P, 11.62; S, 16.04.
Found: C, 26.87; H, 5.62; Cl, 6.58; Fe, 20.83; P, 11.68; S, 16.18.

The compounds of primary interest are now designated as follows:

[FesSe(PEt,)s](C10,),
[FeeSs(PEt,)l(BF,),
[FesSe(PEt,)s|(BPh,),
[FeeSy(PEt,)s](BF,)-2MeCN
[FeeSs(PEt,)¢](BPh,)
[FeeSy(PEt,)]

S G R W N -

X-ray Data Collection and Reduction. The structures of the five
compounds in Table 1 were determined. Crystal$-68 were grown
by vapor diffusion of ether into saturated solutions of acetonitfile (
2) and dichloromethane3). In the case o#}, crystals were obtained
by vapor diffusion of ether into a saturated acetonitrile solutio of
which initially was treated with excess zinc powder prior to diffusion.
Crystals of6 were produced by vapor diffusion of ether into a saturated

are collected in Table 1. As previously determined at room temper-
ature? compound3 crystallizes in triclinic space groupl.

Structure Solution and Refinement. Structures ofl—4 and6 were
solved by direct methods with the aid of subsequent difference Fourier
maps. All structures were refined by full-matrix least-squares and
Fourier techniques (XLS). Unless otherwise noted, all non-hydrogen
atoms were refined with anisotropic thermal parameters. Hydrogen
atoms were given idealized locations with uniform valueSlgf. The
asymmetric units of and6 consist of one iron atom, two sulfur atoms,
one triethylphosphine, and one perchlordte (The clusters of botf
ande6 reside on a 3ymmetry site with atom S(2) lying along the 3-fold
rotation axis. The perchlorate anion @&fis severely disordered,
requiring the oxygen atom to be refined isotropically over multiple
sites with fractional occupancies. For compouBdmd3, the cluster
cation is located on an inversion center; three iron atoms, four sulfur
atoms, three triethylphosphines, and one anion comprise the asymmetric
unit. The tetrafluoroborate anion @fwas refined isotropically and is
disordered with each fluorine atom half-occupying two sites. The
asymmetric unit ind contains one cluster cation, one anion, and two
solvate molecules. Both solvate molecules were refined isotropically.
For all structures, difference Fourier maps showed no other electron
density, and all parameters shifted $%% of their esd in the last stages
of refinement. FinaR factors are given in Table .

Other Physical Measurements. All measurements were performed
under anaerobic conditionstH NMR spectra were recorded with a
Bruker AM-500N spectrometer. Magnetic data were collected on a
Quantum Design SQUID magnetometer at fields of 1, 5, and 10 kG.
Mdéssbauer spectroscopic measurements were made and data analyzed
with the equipment and procedures described elsevifidsmmer shifts
are referenced to iron metal at room temperature.

Results and Discussion

Cluster Synthesis. Methods for preparation of members of
the cluster series [E8(PEg)e]™" (n = 0—4) are outlined in
Figure 1. The dication [R&s(PEb)e]2" was prepared in three
steps: self-assembly, oxidative core conversion, and oxidation.
The first step involved modified self-assembly of the basket
cluster [FeSs(PEb)g] .18 Because isolation of this cluster as
the BR~ salt occurs in low yield8 the cluster was usdd situ
after verification of its formation byH NMR. As previously
reportedt® reaction of the cluster with elemental sulfur affords

toluene solution. Crystals were coated with grease, transferred to alFesSe(PEb)e] *. Excess sulfur was used in this step because

Nicolet R3m/V diffractometer, and cooled in a stream of dinitrogen.

of the probable competitive reaction with excess triethylphos-

Lattice parameters were obtained by least-squares analyses of morgohine. Formation of the monocatiamsitu was established by

than 30 carefully centered reflections in the rangé ¥026 < 30°.

NMR; oxidation of this species with dioxygen in THF resulted

None of the crystals showed significant decay over the period of data in crystallization of sparingly solubl2. The low yield arises

collections. Using the program XDISK from the SHELXTL PLUS

4.21/V program package, raw intensity data were corrected for scan
speed, background, and Lorentz and polarization effects. An empirical

(19) See paragraph at the end of this article concerning Supporting
Information available.

absorption correction was applied to each data set by the program(20) MacDonnell, F. M.; Ruhlandt-Senge, K.; Ellison, J. J.; Holm, R. H.;

XEMP and observed variations in azimuthal)(scans. Crystal data

Power, P. Plnorg. Chem.1995 34, 1815.
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6 [Fe(OHy)s](BF )2 / 5 LinS / 1E NayS, / xs PEt Table 2. Selected Interatomic Distances (A) and Angles (deg)ifor

and6
j THF 1 6
[FesSe(PEta)s]'* Fe—Fe(A) 2.581(1) 2.674(1)
Fe—Fe(B) 2.571(1) 2.658(1)
2 Sj THF Fe-S(1) 2.241(1) 2.247(1)
+ Fe—S(2 2.252(1 2.269(2
[FesSa(PEta)s] Fe—SEl,)A) 2.2348 2.252%1))
0, l THE Fe-S(1B) 2.238(1) 2.253(1)
Fe-P 2.296(1) 2.237(2)
[FesSs(PEts)l** Fe(A)-Fe—Fe(B) 90.0(1) 90.0(1)
(15%) Fe(A)-Fe—Fe(C) 60.0(1) 60.0(1)
| Fe(B)-Fe-Fe(C) 59.9(1) 59.8(1)
@ Fe(B) o Fe(D) 20,301 0.4(1)
. Na*t e e—re . .
v [ | eon oal | oo l2 | CHeClz Fe(C)-Fe—Fe(D) 90.0(1) 90.0(1)
or S(1)-Fe—Fe(A) 114.5(1) 113.4(1)
Zn | MecN S(2)-Fe—Fe(A) 55.0(1) 53.9(1)
1+ 3+ S(1)-Fe—Fe(B 54.9(1 53.9(1
[FeeSB(OPEts)s] [Feess(fEts)e] [Fease(fEts)s] S& Fe” Feng Sy g ()1) 113.(5 ()1)
(65%) (60%) (48%) S(1)-Fe—Fe(C) 114.6(1) 113.5(1)
Figure 1. Outline of the preparative routes affording the clusterg$-e S(2)-Fe—Fe(C) 55.0(1) 53.9(1)
(PEg)e]™ (n = 0—4). Then = 1+ and 2+ species have been prepared S(1y-Fe—Fe(D) 54.8(1) 53.6(1)
previously by different methods? S(2y-Fe—Fe(D) 114.8(1) 114.1(1)
Fe(A)-Fe—S(1A) 114.7(1) 114.0(1)
from fo_rr_nation of insoluble iron compounds in the_ first two Eggg))::z:g&ﬁ; giéﬁg gggg;
steps; it is comparable to that (20%) from the reaction of [Fe- Fe(D)-Fe-S(LA) 115.2(1) 113.3(1)
(OHy)e)?", triethylphosphine, and #$ followed by aerial Fe(A)-Fe—S(1B) 54.7(1) 53.7(1)
oxidation, where the cluster was isolated as the BFrand Fe(B)-Fe—S(1B) 115.1(1) 113.4(1)
PR~ 8 salts. Compoun@ was readily metathesized ® by Eegg)%_';%ggg)) %46?1()1) ;é%?l()l)
. ) . AR . o e o ] .
reactlon_wnh NaBPhin aceztfnlt.nle in h|gh yield (91%). . Fe-S(1)-Fe(B) 70.0(1) 72.4(1)
Reaction of [F@Sg(PEtg)s] with 1 equiv of Na(PECO) n Fe—S(1)-Fe(D) 70.1(1) 72.9(1)
dichloromethane solution gave {Sg(PEk)e]*, most conve- Fe(B)-S(1)-Fe(D) 70.5(1) 72.3(1)
niently isolated as compourii(60%). The analogous reaction Fe—S(2)-Fe(A) 69.9(1) 72.2(1)
in acetonitrile with 2 equiv of reductant results in immediate gﬁﬁ:ggi\) ég??l()l) ég‘:rl-a()l)
precipitation of neutral cluste® (65%)._ Thls_ _compOL_md is S(2)-Fe-S(1A) 89.0(1) 88.6(1)
soluble in warm benzene or toluene and is purified by dissolution S(1)-Fe-S(1B) 89.6(1) 89.3(1)
in these solvents and precipitation with acetonitrile. Oxidation S(2)-Fe-S(1B) 88.9(1) 88.5(1)
of [FesSs(PEB)s]?™ with iodine in dichloromethane solution S(1A)-Fe—S(1B) 167.5(1) 164.3(1)
generates [FSs(PEB)g]®", which can be crystallized as com- E—Ee—Eeggg iggg&)) ﬁ;ig))
pound1l (45%) after removal of iodide (as Agl) and subsequent —re-re : .
addition of NaClQ. In series 1, clusters with [E8g]%4" cores E:E:EZES; gg g((i)) igi’g((%))
have been described as “short-livéd™. This is certainly the S(1y-Fe-P 91.4(1) 95.5(1)
expectation for the fully oxidized core which, while reversibly S(2)-Fe-P 101.3(1) 99.2(1)
formed in cyclic voltammetry at scan rate®.1 V/s, is produced P—-Fe-S(1A) 93.4(1) 99.9(1)
at a demandingly positive potential. We have found that fully P—Fe-S(1B) 99.1(1) 96.5(1)

reduced cluste6, while extremely sensitive to oxidation, can jllustrated in Figure 3; here the cores approBghmore closely
be isolated and maintained in solution under anaerobic condi- thanOy, symmetry, with the Fgoctahedra minimally distorted.
tions. On the basis of the FeFe(A,B) distances (Table 2), there is a
Structures. With four consecutive members of series 1 in  suggestion of a slight compression along@exis. Structural
hand, we have sought detailed structural comparisons by parameters fa2—4 at 223 K show no unexpected variation from
determining all structures at 223 K. As noted earlier, the those of [FeSg(PEk)e]X2 (X = BPhy~,6 PR~ 8) and [FeSe-
structures of [FeSg(PEg)s]?>"* have been determined with  (PEk)s](PFs)’ determined at room temperature. Furthermore,
BPh~ or PR~ counteriong=® All crystal structures reported  mean bond lengths and angles of isoelectronic clusters, isolated
here are new with the exception &f Full metric results forl as different salts, correlate well under idealiZeglsymmetry
and 6, containing the accessible fully reduced and oxidized although some variability of individual core distortions is
members of the series, are set out in Table 2. Data for the evident. The Fgoctahedron ir8 is slightly elongated along
remaining compounds are presented in terms of ranges and meathe idealizedC; axis, as made evident by the relatively large
values in Table 3. All [FeSs(PEg)e]™" clusters possess the range in Fe-Fe distances (0.04 A, Table 3). This result is
generic MiQg core structure of idealize@, symmetry illustrated  reinforced by the nearly identical room-temperature structure.
in Figure 2 for [FeSg(PEb)g]3". Conversely, the structures of [fR(PEg)s]?" as the B (2)
Over the structures of the = 0—3 clusters, the core is and Pk~ 8 salts display little distortion.
composed of a slightly distorted Fectahedron whose faces Although structural parameters do not present large variances
are capped bys-S atoms. A terminal triethylphosphine ligand between clusters, there are distinct trends overntlve 0—3
completes distorted square pyramidal coordination at each Feseries (Table 3). Proceeding from 29 3, 1) to 32 (n= 0,
atom, which is displaced by mean values of 6:P531 A from 6) metal-based valence electrons, the meanfeebond lengths
the S, cube faces in the direction of this ligand. The clusters steadily increase from 2.576(5) to 2.666(8) A, a total change
in 1 and6 have the crystallographically impos&gl symmetry of 0.09 A. Concomitantly, the mean F@ distances shorten
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Table 3. Ranges and Means of Selected Interatomic Distances (A) and Angles (delgy4a@nd6

1 2 3 4 6
Fe-Fe 2.571(1y2.581(1) 2.607(3)2.619(3) 2.602(2)2.640(2) 2.626(2)2.646(3) 2.658(1)2.674(1)
mean 2.576(5) 2.614(4) 2.618(15) 2.634(6) 2.666(8)
Fe-S 2.234(1y-2.252(1) 2.231(4y2.262(4) 2.240(2)2.256(2) 2.225(5)2.283(4) 2.247(1y2.269(2)
mean 2.241(7) 2.249(9) 2.249(5) 2.252(18) 2.255(8)
Fe-P 2.296(1) 2.286(5)2.292(5) 2.288(3)2.309(2) 2.235(4y2.294(4) 2.237(2)
mean 2.290(3) 2.295(10) 2.270(19)
Fe-Sg& 0.246 0.2670.274 0.259-0.290 0.256-0.302 0.305
mean 0.270(3) 0.271(14) 0.282(15)
S-S 3.145-3.156 3.15%+3.169 3.133-3.184 3.1453.173 3.153-3.163
mean 3.151(6) 3.157(6) 3.159(16) 3.160(10) 3.158(5)
Fe-Fe-Fe 59.9(1)-60.3(1) 59.8(1)60.2(1) 59.1()-60.8(1) 60.4(1)59.6(1) 59.8(1)60.4(1)
mean 60.0(2) 60.0(1) 60.0(5) 60.0(2) 60.0(2)
Fe-Fe-F¢& 90.0(1) 89.7(1)90.3(1) 89.0(1391.0(1) 90.5(1)89.5(1) 90.0(1)
mean 90.0(2) 90.0(8) 90.0(3)
Fe-Fe-& 54.7(1)-55.1(1) 53.9(1)-54.8(1) 53.8(1}59.8(1) 53.4(1)55.2(1) 53.5(1}53.9(1)
mean 54.9(1) 54.5(2) 54.6(11) 54.2(5) 53.8(1)
Fe-S—Fe 69.9(1}70.5(1) 70.6(1)71.5(1) 70.6(1)y72.1(1) 70.5(1)72.8(1) 72.2(1y72.9(1)
mean 70.1(2) 71.1(3) 71.2(5) 71.6(6) 72.5(3)
S—Fe-$° 88.9(1)-89.7(1) 88.8(1)89.6(2) 88.1(1)89.9(1) 88.2(2)90.6(2) 88.5(1)89.4(1)
mean 89.3(4) 89.2(3) 89.2(6) 89.1(7) 89.0(4)
Fe—Fe—P 129.3(1)-140.6(1) 132.3(1137.5(1) 131.8(1137.8(1) 130.6(1y139.6(1) 132.4(1137.6(1)
mean 134.8(42) 135.0(18) 135.0(17) 135.0(20) 135.0(19)
S—Fe-P 91.4(1)-101.3(1) 94.0(2)99.5(2) 93.3(1}101.0(1) 93.9(25100.9(1) 95.5(1399.9(1)
mean 96.3(40) 96.9(17) 97.0(18) 97.2(20) 97.8(18)

alron out-of-plane displacement from sulfur-cube fat®@Vithin triangular faces¢ Within equatorial square§.Within sulfide-capped faces.
¢ Between neighboring sulfides.

Figure 3. Structures of the clusters [FR(PEg)¢]"" in compounds
(n = 3) and1 (n = 0) showing 50% probability ellipsoids, the atom-
labeling scheme, and the crystallographically impoSedymmetry.
The S axis is perpendicular to the plane of the plane of the paper.

Figure 2. Structure of [FeSs(PEt)e]®" in compoundl, showing 50%
probability ellipsoids and the atom-labeling scheme. Ethyl groups are
omitted for clarity.

from 2.296(1) to 2.237(1) A, a change of 0.06 A. Mean-Se
and nonbonded-& distances do not evidence a statistically
significant trend. These results indicate that the core orbitals
occupied upon reduction are largely -Hee antibonding,
consistent with recent electronic structure calculatfori®ngth-
ening Fe-Fe bonds on core reduction results in extension o - ) ™
the Fg octahedral vertices farther “outside” thg Gibe faces. ~ CO—S distance is unchanged. In addition, € bonds
Consequently, the mean displacement of the Fe atoms from cube&@rrespondingly decrease by 0.024 A, and the Co atoms move
faces monotonically increases from 0.246 to 0.305 A. As might rom the § core faces as in the B® clusters. In contrast, the
be expected, increasing core reduction3(Ze — Fe#6%, in core structural changes upon rgductlon of B&QPE@)G] to
terms of mean oxidation state) increases the bonding interactionMOeSs(PEg)s] ~ are somewnhat different. A small increase in
between the iron atoms and the terminal phosphines. The slight2l core bond lengths (0.830.02 A) is observed, implying that
changes in FeS and $S distances across the series0(01 the LUMO is slightly gnt]bondlng. Recent MO calculatpns
A) afford a structural consistency which, together with the small O [M0sSs(PHs)e], predicting a LUMO Mo 4d and S 3p in
changes in FeFe distances, contribute to the stability and redox character with a weak MeS antibonding featur#, conform
flexibility of the Fe;Sg corel7ab to this result.

Related Clusters. Mean values of selected structural pa-
rameters are collected in Table 4 for comparison withefge

(PEg)e]™ (n= 0—3). Similar structure/redox trends are evident
in the CeSg clusters, which form the four-membered electron
transfer series [G&s(PE)g]™ with n = 0—3.11d Reduction

of then = 1 cluster to the neutral species results in an increase
¢ of the average CeCo bond length by 0.023 A while the average

(21) Imoto, H.; Saito, T.; Adachi, Hnorg. Chem.1995 34, 2415.
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Table 4. Mean Bond Distances (A) and Number of Metal-Based
Electrons for [MSs(PE&)es] Cluster$

| B S S B B e I B B B B S S B B S

50 |- —
[FegSg(PEts)e] ]

mbe M-M M-S M—P ref ]
[Mo6Ss(PE®)e] 20 2.663(1) 2.445(4) 2.527(3) 4b 1
[MoeSe(PEE)e] - 21 2.670(4) 2.458(7) 2.550(7) 4b ]
[WeSs(PEB)e)]¢ 20 2.679(3) 2.460(11) 2.520(5) 5a .

[FesSe(PER)]3 (1) 29 2.576(5) 2.241(7) 2.296€L) this work
[FesSe(PER)s]2T (2) 30 2.614(4) 2.249(9) 2.290(3) this work
[FesSe(PER)e]2t (3) 30 2.618(15) 2.249(5) 2.295(10) this work
[FesSs(PER)s]2H e 30 2.610(3) 2.243(9) 2.285(2) 9
[FesSs(PEL)e] 2t 30 2.617(14) 2.247(5) 2.293(8) 6b
[FesSe(PER)] T (4) 31  2.634(6) 2.252(18) 2.270(19) this work
[FesSs(PEb)e] + © 31 2.636(2) 2.251(5) 2.263(3) 7
[FesSe(PER)e] (6) 32 2.666(8) 2.255(8) 2.237@) this work

1™ (mol/emu)

[CosSe(PEB)e] 33 2.794(10) 2.234(12) 2.163(4) d o~ T

[CosSs(PEL)q] 34 2.817(3) 2.233(8) 2.138(2) 11d 0 % 100 ‘:‘IK) 200 20 800
a All structures were determined at room temperature except those

reported in this paper (223 KjNumber of metal-based valence o L S B I IR B

electrons ¢ Actual value.? Mean values calculated over two molecules. F [FesSa(PEty)el(CIO,);

4 PR salt.© BPh~ salt.9 See also ref 11h. 3 *

Table 5. Zero-Field M@ssbauer Parameters for fSg(PE)s]™" (n
=0-3)

T,K o6, mmis AEg, mm/s T2mm/s

1M (mol/emu)

[FesSs(PER)6)(CIO4)3 (1) 77 0.21 0.38 0.34 ]

4.2 0.22 0.43 0.47 7]
[FesSs(PER)6])(BF4)2 (2) 77 0.26 0.33 0.30 ]

4.2 0.26 0.27 0.40 ]
[FesSs(PEk)s](BPhy) (5) 77 0.32 0.20 1.16 3

4.2 0.31 ~Q° 1.58 . ]
[FesSs(PER)] (6) 77 0.35 0.20 0.33 b S T N T B R N

42 036 023 040 0 50 100 150 200 250 300
[FesSs(PEb)s](BPhy),° 76 0.27 0.31 0.23 T K

7 0.28 0.27 0.25 Figure 4. Temperature dependencies of the reciprocal molar magnetic
[FesSe(PEE)e](PFs) 80 0.29 0.35 0.50 susceptibilities of compounds (lower) and6 (upper) at 1 kG. The

S 85? (?1312 5)9316 lines are fits of the data at-220 K to the Curie-Weiss law.

2
aLine width; fits were constrained such thB = I'.. ® Spectrum mm/s for each electron addéb‘(.):‘zlnzsother eIeCtronz'Errilrgzger
too broad to detect splitting.Reference 99 Reference 8. series such as [F&(SCx(CR)2)2] %% ° and [FaS«Cpu]*~°,
the spectra consist of one quadrupole doublet. However, isomer

. ] ) ~shifts change by<0.06 mm/s over the three oxidation states,
Massbauer Spectra. Because all accessible clusters in series reflecting substantial ligand character in the electroactive

1 with the exception of [Fs&Sg(PEg)s]>" are mixed-valence, orbital(s). Massbauer spectra of series JB&Cps]2+° have
Mdssbauer spectra in zero field were determined as one meangeen interpreted in terms of three doublets, one of which remains
of examining electron distribution. Parameters from spectral nearly invariant with oxidation state. Isomer shifts of the other
fits are collected in Table 5 and include data for several two doublets show an apparent total changes@ 1 mm/s,
previously prepared compounds. At 4.2 and 77 K, the spectra suggesting that three of the four iron atoms are the more directly
consist of a single, essentially symmetric quadrupole doublet, involved in the redox processés.

except for that o6 where the best fit indicated a nil quadrupole ~ Magnetic Susceptibilities. Magnetic data are presented for
splitting. The spectrum o has a substantially broader line compoundsl and6 as plots of Iy™ vs T in Figure 4. Both
width at 77 and 4.2 K, presumably arising from slow or Were measured at ap.plied .fields of 1, 5, and 10 kG; t.he data
intermediate paramagnetic relaxation. (Because of their simpleWere fitted to the CurieWeiss lawy™ = C/(T — ©), which
shapes, the spectra are not presented.) The resulsdod was closely followed by both compo_unds at all fields at2®
[FesSe(PE)s](BPhy),, studied earlief,are in substantial agree- K. Average values over the three field strengths are reported

e < in Table 6 together with results for [F&(PE&)s] 2" com-
ment. However, those fd& and [FeSs(PEg)s](PFs) differ in 10 L . . .
the extent of quadrupole splitting and a six-line hyperfine pounds?™ Deviations from the CurieWeiss law at higher

. ) . temperatures were observed (at all field strengthslfand at
pattern, which we do not observe wih Lacking more than P ( 9

one detectable iron site, the clusters are considered fully (22) papaefthymiou, V.; Millar, M. M.; Mack, E. Inorg. Chem.1986

delocalized on the Mssbauer time scale i 1077 s. Isomer 23 %5) 3010|.( | | | s ( )

; ; _enin (23) (a) Frankel, R. B.; Averill, B. A.; Holm, R. Hl. Phys (Paris) 1974
shifts are in or near thg normal ranges for Fe(lll) gndllow spin 35,C6-107. (b) Evans, D. J.; Hills, A.; Hughes, D. L.; Leigh, G. J.:
Fe(ll). Their values increase as the core oxidation state Houlton, A.; Silver, J.J. Chem. Soc., Dalton Tran&99Q 2735.

decreases, i.e., as the ferrous character increases. The trend i84) (a) Carney, M. J.; Papaethymiou, G. C.; Whitener, M. A.; Spartalian,

. . K.; Frankel, R. B.; Holm, R. Hlnorg. Chem.1988 27, 346. (b)
usual but the effect is small, being 0.14 mm/s over the four Carney, M. J.. Papaethymiou, G. C.. Spartalian, K.; Frankel, R. B..

oxidation states examined here, as might be expected for Holm, R. H.J. Am. Chem. S0d.988 110, 6084.
delocalization over six iron atoms. (25) Bernal, I.; Davis, B. R.; Good, M. L.; Chandra, B.Coord. Chem.
1972 2, 61.
We note briefly the parallel behavior of synthetic and native (26) \S/‘él?r?%nHB ﬁi?geé’hg% 557'2’ i’;’ 1%2;1 Frankel, R. B.; Meyer, T. J.;
iean— ini 34,24+ I ) :
iron—sulfur clusters containing the cores }5g . Inthe (27) Dupre N.; Auric, P.; Hendriks, H. M. J.; Jordanov, liorg. Chem.

series [F§S4(SR)] 273", the isomer shift increases log. 0.1 1986 25, 1391.
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Table 6. Magnetic Data for Clusters

C2emu
compound K/mol 0,K Uet, us S
[FesSs(PEB)6](CIO4)° (1)  1.93(1) —0.26(6) 3.95 3,
[FesSs(PER)g]° (2) 6.30(3) —0.25(50) 7.10 3
[FesSs(PEb)e](PFs)°© 77 L
[FesSs(PER)s](PFe) ~4.3 3
[FesSs(PER®)s](BPhy),f 4.662(8) —20.85(3) 3

aCalculated values witly = 2: 1.875 § = 3/,), 6.000 § = 3),
7.875 6= /,). ® Values of C andd are averages from measurements
at 1, 5, and 10 kG at-520 K. ¢ 20—300 K. 9 4.2—20 K; ttett = 4.24uz
for six noninteracting spins.Reference 8¢ 100-300 K; C = 4.64 for
S = 3 with g = 1.76; ref 10.

1 and 5 G for6) and are indicative of populated excited states.
The Curie constants fdrand6 establish the ground stat8s=
3/, and 3, respectively, providegl~ 2.

The determined ground spin states for compouhdsd 6
can be rationalized according to previouaXSW theoretical
results calculated for the model clusterseBdPHs)g] ™ (M =
Fe?, Co'l"). Because cluster symmetry remains constant and
metric features (Table 3) vary little across the oxidation state
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[Fe,S(SRU* = [Fe,S,(SR)° =

s="1,3,
[Fe;Si(SR)*™ =[Fe,S,(SR)™ (2)
S=0 s=1,

1. Four oxidation states have been detected electrochemigally,
three of which (3-, 2—, 1-) have been isolated and structurally
characterized*3* Potentials of all steps and chemical stabilities
of the most oxidized and reduced series members depend upon
the R substituent. The entire series is traversed over a potential
interval ofca. 2 V. Each step of reduction noticeably affects
the electron density at the Fe sites (as noted above) and core
volumes expand by-23%, indicating increasing population of
antibonding MO’s. Last, [FsSg(PE)e]™ clusters embody all

the prerequisites necessary and sufficient for substantial redox
capacity: relatively high nuclearity and symmettgontributing

to the number and narrow energy spacing of electroactive
orbitals with metal character; delocalized electronic structure;
an invariant core stereochemistry, abetted by high bridge-atom
connectivities #-3), affording structural integrity and small

series, it is reasonable to assume that the relative ordering ofFranck-Condon barriers to electron transfer; adequate non-

MO’s would apply to other members of the series. A ground
spin state o5= 7/, has been determined previously for §Eg
(PEg)g]™ and has been qualitatively assigned the electron
configuration (3a)%(12g, + 4ag)3(12g, + 4a,)® on the basis

of Xa—SW calculations performed undBgs symmetry® Thus,

a one-electron reduction should result in eitherSsn 4 state

if a higher orbital were occupied or &~ 3 state if an electron
were added to a half-occupied MO. TBe= 3 result for6 is
consistent with pairing as would be expected according to the
calculated energy gap (1.4 and 1.8 eV for-MFe and Co,
respectively) lying directly above the HOMO. Similarly, one-
electron oxidation of [FsSg(PEg)g] T is consistent with th&=

3 result obtained for [R&Ss(PEg)s]?" at low temperatures and
might be expected to have the {3412, + 4ag)3(12a +
4a,)? configuration. The spin stat€ = %/, observed forl
requires spin-pairing, as in the configuration 3%12¢, +
dapg)® or (12 + dag*(3ag)!. Thus, the ground spin states of
all isolable clusters in series 1 have been defined, with the
proviso that the spin of [RSs(PES)s)>" appears to be dependent
on the nature of the anion and attendant intracluster magnetic
coupling and crystal structure effects.

Additional Observations. (a) Redox Capacity. Few cluster
compounds share or surpass the ability ofgBgPEt)e]"™" to
undergo four reversible one-electron redox events. As one
example, the cluster [y8g(PE)s]" shows four reversible redox
reactions f = 1— to 2+) but has only been structurally
characterized fon = 2417228 Among Fe-S species, we note
the three-membered series [(Me@p,S4]%%,2° the five-
membered series [(MeCpaSs]",3° [Cp*o(PhCaSy)FeySq) ", 3t
and [Cp%(PhC,S)FeySs)n3t and the reversible reduction of
the prismatic cluster [RSs(NO)e]2~ in four one-electron stes.

In nearly all of these cases, the apportionment of electroactive
orbitals into metal and ligand contributions is unestablished;
dithiolene and nitrosyl ligands are notoriously noninnocent in

this context. Series 2 is perhaps most closely related to series

(28) (a) Ghilardi, C. A.; Midollini, S.; Sacconi, LJ. Chem. Soc., Chem.
Commun.1981 47. (b) Cecconi, F.; Ghilardi, C. A.; Midollini, S.
Inorg. Chem 1983 22, 3802.

(29) Blonk, H. L.; van der Linden, J. G. M.; Steggerda, J. J.; Geleyn, R.
P.; Smits, J. M. M.; Beurskens, P. T.; Jordanondrg. Chem1992
31, 957.

lability of terminal ligands in all core oxidation states. Despite
other extensive cluster electron transfer seriesJEEL)s] ™™
clusters, as noted at the outset, are the only ones that have been
isolated and structurally characterized in four consecutive
oxidation states.

(b) Iron —Sulfur—Phosphine Clusters. In addition to the
foregoing properties, [ (PEb)e]"" clusters assume an ad-
ditional significance. Excluding organometallic compounds,
[FesSs(PER)g]?", in 1981, was the first FeS—PRs cluster
prepared. Prior to that time and thereafter, synthetie e
cluster chemistry has been dominated by investigations of,
primarily, [F&S(SR)}]?~ and [FeS4(SR)]? 3~ species* |t
has become apparent that inclusion of tertiary phosphines in
self-assembly reaction systems, often in weakly polar solvents
such as acetonitrile and THF, can direct the synthesis to clusters
with different compositions and structures. By such means, the
clusters in Figure 5 have been prepared and structurally
characterized. Including [E8s(PE&)s]"", the group covers six
structural types: cuboidal [E8(NO)4(PPh)3]32 (7), cubane-
type [FaSy(PBus)sX] (8) and [FaSs(PBus)(SPh)|* (9), basket

(30) Blonk, H. L.; Mesman, J.; van der Linden, J. G. G.; Steggerda, J. J.;
Smits, J. M. M,; Beurskens, G.; Beurskens, P. T.; Tonon, C.; Jordanov,
J. Inorg. Chem.1992 31, 962.

(31) Inomata, S.; Hitomi, K.; Tobita, H.; Ogino, khorg. Chim. Actal994

9 238.

(32) Scott, M. J.; Holm, R. HAngew. Chem., Int. Ed. Engl993 32,
564.

(33) (a) Cambray, J.; Lane, R. W.; Wedd, A. G.; Johnson, R. W.; Holm,
R. H. Inorg. Chem.1977, 16, 2565. (b) Pickett, C. 1. Chem. Soc.,
Chem. Communl985 323. (c) Weigel, J. A.; Srivastava, K. K. P.;
Day, E. P.; Munck, E.; Holm, R. HJ. Am. Chem. Sod.99Q 112
8015.

(34) Berg, J. M.; Holm, R. H. IMetal lons in Biology Spiro, T. G., Ed.;
Interscience: New York, 1982; Vol. 4, Chapter 1.

(35) Among examples of these properties, we noteg(€0),]", which

has been observed in as many as seven different oxidation states (

0 to 6-) coupled by reversible one-electron steps: Roth, J. D.; Lewis,

G. J.; Safford, L. K.; Jiang, X.; Dahl, L. F.; Weaver, M. J. Am.

Chem. Soc1992 114, 6159.

(36) For a listing of Fe-S clusters built up of edge-sharing tetrahedra (the
dominant structural motif in this fieldgf.: Long, J. R.; Holm, R. H.

J. Am. Chem. Sod994 116, 9987. Since that time, the cuboidal
[FesSu(SR)]3 cluster has been prepared: Zhou, J.; Holm, RJH.
Am. Chem. S0d.995 117, 11353. Zhou, J.; Hu, Z.; Mhck, E.; Holm,
R. H.J. Am. Chem. Sacin press.

(37) Tyson, M. A.; Demadis, K. D.; Coucouvanis, Dorg. Chem1995
34, 4519.
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P NO three of the four iron atoms, respectively, terminally ligated by
| FL triethylphosphine adopt a trigonal pyramidal ge&rrangement
s\—g\—///Fe?S S/ | \S with the metal displaced 0.680.15 A from the gplane towa_lrd
A;/\/\ /\| \\ S // the phosphorus atom. b2, the displacement of the unique
P—FE”,F%,F%QT_P P~ pSFe/\Fe/P iron atom is larger (0.37 A} These values are to be compared
\S\\K/é_;\s_u | \ with 0.95-0.98 A displacements of conventional tetrahedral iron
S=Fe="S NO no NO atoms with terminal chloride or thiolate ligands in these clusters.
F’, While clusterll ([FesSs(PEg)s] 7) has two tetrahedral iron sites,
1-6 (P=PEt) 7 (P=PPhy it is evident that stabilization of trigonal pyramidal sites by PEt
(cone angle® = 132 41) is critical to the stability of the cores
P b s b of 10—12. In this sense, the role of the phosphine bears an
P N \Fe/ apparent similarity to that in [8s(PE&)e]™", with square
s<ﬁz;;8 /I 1\ pyramidal FegP sites and iron atom displacements from S
! / 3\\SQ/S\/S planes toward the phosphorus atoms of 6:281 A (Table
/Fe/\‘ DA Fe/ P \ Fe F‘/ 3). Experiments in this laboratory have indicated that the basket
S x INTe ; e i _
L L /g% N stereochemistry cannot be stabilized with R@y= 170°),** a
L L result attributed to unacceptable steric interactions between the
8 (L=P=P'Bug, L' = halide) 10 (L =RS, halide; sulfur atoms and the cyclohexyl groups. Instead, phosphines
9 (L=L'=PhS, P =P'Buy) P = PEt5, P"Bug) with very large cone angles appear to force the synthesis of
11 (L=P=PEty) clusters such a8, 9, and 13, containing ordinary tetrahedral
b iron sites. For MBus, present in cubanesand9, 0 = 18241
' P\ . P We consider it unlikely that the cubic % core will be
S/Fe/’is Fe—/—‘s\ /S\Fe/ stabilized by phosphlnes with such Iarge.cone angles. [ndeed,
cl /| i cl SQFe/ Féd_o/ Tysonet al3” consider basket structuted incompatible with
~._ \Fe/ | \ . . . .
Fe™ | | \ s-\—Fe / lfe-l—s the cone angle of the'Bus ligand, a view to which we subscribe.
p- ’Fe‘Fe‘S’I'Fe\P Fe/\s/ \sipe/ Thus, more than in any other facet of iresulfur cluster
s | s P/ \ chemistry, it appears that the nature of self-assembledSFe
P P PR; products is dependent on the steric nature of the terminal
12 (P =PEt) 13 (P =PCyy) ligands. Consequently, new cluster types should emerge upon
Figure 5. Schematic structures of F&—PRs clusters, including ~ €Xploratory synthesis, a matter further confirmed by a current
cuboidal 7,3? cubanes8 and 9,37 basket clusterd0 and 11,838 face- investigation in this laborator}?
capped octahedral clusters found in compouldé and other salt§;® .
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