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Synthesis and Characterization of Oxidized WSsL ¢ Clusters
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Cationic [WsSsLg]PFs (L = PE% (3), 4-tert-butylpyridine @)) clusters were successfully synthesized and isolated
for the first time by reacting the corresponding neutralSéls (L = PEg (1), 4-tert-butylpyridine @)) clusters

with [CpaFe]PK as the oxidant. The producaind4 were characterized by NMR spectroscopy, mass spectroscopy,
and X-ray crystallography (only fd8) and shown to be the desired oxidizeg$¥/ clusters with a metal electron
count of 19. Magnetic property studies showed that they are paramagnetic compourisithTheir chemical
properties and stability are also reported. Crystal dat8@FHF: space groug®3 (No. 148);a = 13.91170(10)

A; ¢ =32.4106(2) A;z = 3.

Introduction molecular Cr and W octahedral clusters as precursors for the
corresponding chromium and tungsten “Chevrel phases”, un-
known from solid-state routes, no reports of success are known
to us;l.4,15,18,22,23

We are interested in using the molecular compoungSslAé
(L is a Lewis base ligand) as precursors to cluster networks
linked by -conjugated ditopic ligand®:2! Extended Huakel
calculationg* performed on “bare” WSg clusters indicate that
neutral clusters have a metal electron count (MEC) of 20. Their
highest occupied molecular orbital (HOMO) is triply degenerate
and composed of metal d-orbitals of the appropriate symmetry

Octahedral molybdenum clusters of the formula &g
(Q=S, Se, Te) are the building blocks of a class of compounds
known as Chevrel phasé&3which have been extensively studied
due to their interesting properties such as superconductivity,
fast ion conductivityy and hydrodesulfurization catalytic
activity.5~8 Since the pioneering work by Saito and co-work&rs,
many molecular octahedral clusters® (M = Cr, Mo, W; Q
= S, Se, Te) similar to those present in Chevrel phases have
been synthesizel¥-2! Although many have tried to use the

T E-mail: fid3@cornell.edu. to interact with ther-orbitals of an organic ligand. Therefore,
(1) Chevrel, R.; Sergent, M.; Prigent, J. Solid State Chenl971, 3, intercluster interaction within the extended network is possible.
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@ ﬂﬁi;ﬁﬁzck S. J.: McCarley, R. E.: Thompson, R. K.: Flanagan, L ate for significant intercluster interactions through organic
C.: Schrader, G. LJ. Mol. Catal. A1997 122 13-24. " ligands. In anticipation of building an extended network of_

(8) Hilsenbeck, S. J.; McCarley, R. E.; Goldman, A. I.; Schrader, G. L. clusters with a MEC below 20, we have pursued the synthesis

©) ggﬁ? .T'\./'la\l}ee\g-:r%%tjéo’N%'zg_aern:ga‘gata T.. Imoto,HAm. Chem. soc,  °F 0Xidized WeSsle (L = PEg, 4-tert-butylpyridine) clusters.
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by X-ray crystallography (only foB), NMR spectroscopy, mass Table 1. Crystallographic Data for [\ABs(PE®)e]PFs-2THF

spectroscopy, and magnetic susceptibility. 3.2THE
; ; chem formula GaHooFsO2P7SsWe

Experimental Section f 234153

General. WeSs(PEb)s (1) and WSs(4-tert-butylpyridine); (2) were space group R3 (No. 148)
synthesized according to previously reported proceddfestrocenium a A 13.91170(10)
hexafluorophosphate ([Gpe]PF) from Aldrich was recrystallized from c A 5 32.4106(2)
acetonitrile N,N-Dimethylformamide (DMF), dichloromethane (GEl.), V. A 5432.23(6)
and acetonitrile were dried ové A molecular sieves and distilled under tZem oC 3:110
reduced pressure. Tetrahydrofuran (THF), benzene, and diethyl ether A Ap. 0.710 73
were treated with sodium wire and distilled under reduced pressure. P;alcd; gon? 2'_147
All reactants and solvents were stored in a glovebox filled with argon. 1, ot 99.22
All glassware was flame dried before use. All manipulations were R (I > 20/all) 0.0451/0.0755
carried out in the glovebox or using standard Schlenk techniques unless WR (I > 20/all) 0.0539/0.0774

otherwise noted.
IH NMR spectra were obtained in GOI, on a Varian INOVA 400
spectrometer with né'P decoupling and were referenced to internal

ARy = Z||Fo| — [Fdl/Z|Fol. PWR, = [EW(Fo? — FAHEw(Fo2)? 2

residual solvent resonancé® NMR spectra were obtained in @Cl, hexagonal settinga = 13.9117(10) Ac = 32.4106(2) A. The space
using a Varian VXR-400 spectrometer at 162 MHz with 85%°8, group 3, No. 148) was determined on the basis of systematic absences
as an external standard and with decoupling. High-resolution ESI- ~ and intensity statistics. A total of 11328 reflections were collected in
MS data were collected with GBI, solution of the products using a  the ¢ range 1.8 to 28.9 2723 of which were unique. The data were
Micromass LCT mass spectrometer in the positive ion mode. integrated using SAINT software, and an empirical absorption correction

Synthesis of [WeSs(PEt:)e]PFs (3). Method A. In 2 100 mL Schlenk ~ Was applied using the program SADABSThe structure was solved
flask equipped with a Teflon stir bat, (0.200 g, 0.097 mmol) was using SHELXS and refined using full-matrix I_east-squares method on
dissolved into 50 mL of CCl, to form a dark yellow-brown solution. ~ Fo* With SHELXL software package8.PF;” anions were modeled as
A blue solution of [CpFe]PR (0.035 g, 0.106 mmol) in 20 mL of  disordered such that the four F atoms on sites F(2) and F(3)
CH,Cl, was added to the flask. The resulting green solution was stirred perpendicular to the three-fold axis occupy three different pogltlons at
for 30 min before the solvent was removed under dynamic vacuum. /3 0ccupancy. The solvent THF molecules were modeled as disordered
The resulting green residue was washed repeatedly with benzene and’ three different planar orientations (perpendicular to the 3-fold axis)

then with diethyl ether. The dried green powdeBofeighed 0.184 g Such that the O atom site had an occupancydnd the two C atom
(85% vyield). sites each had an occupancy?6f Additionally, the ethyl groups of

Method B. [Cp,Fe]PF (0.066 g, 0.199 mmol) was added into a the PE% Iigands were modeled as disordgred and refined.sgch that each
solution of WsSs(PEt); (0.114 g, 0.055 mmol) in 20 mL of benzene. C atom site had an occupancy of approximatélyAlthough it is Ilkt_ely
Upon stirring, the color of the solution changed from yellow to green that the pseudosymmetry of the heavy cluster core could domlnate_ the
within an hour, accompanied by some precipitation. After 2 days, the symmetry of the full structure, attempts to refine the structure with

green precipitate was filtered, washed with diethyl ether, and allowed !0Wer Symmetry or twinning have so far been unsuccessful. Also,
to dry. The yield of3 was 0.116 g (95%). possible supperlattices could not be detected in this data set. Hydrogen

Samples o8 from both methods gave the followingH NMR: & atoms were ad_ded at calculated fixed positions. W, S, and P atoms
15 (t, 3, Me) and 4.0 (q, 2, CH 3P{1H} NMR: o —143 (septet, were rgflned amsotroplcally. All other non-hydrogen atoms were reflned
s p = 715 Hz): — 419 (broad hump). ESI-MSmz obsd (calcd) isotropically. Final reflne_ments converged a_r!d gave satisfactory residue
2067.98 (2068.02). facto_rs. The largest reS|duaI' electron den3|t|e_s were close to W atoms.

Synthesis of [W:S(4-tert-butylpyridine) gJPFs (4). Method A. In Details of the crystallographic data are given in Table 1, selected bond

: . - . 20
a 100 mL Schlenk flask equipped with a Teflon stir ba(0.200 g, distances .3“1‘? %?9';3' in comparison with those fount 2CeHe,
0.092 mmol) was dissolved into 75 mL of @El; to form a dark orange are given Iin 1able 2.

solution. A solution of [CpFe]PF (0.034 g, 0.101 mmol) in 20 mL of Magnetic Susceptibility. Under an argon atmosphere, 80.1 mg of
CH,Cl, was added to the flask to result in a green-brown solution. 3 was loaded into a gelcap. The gelcap was inserted into a straw which

After stirring for 30 min, the solvent was removed by dynamic vacuum. Was then placed into a Quantum Design SQUID magnetometer with
The resulting green solid was washed repeatedly with benzene until minimal exposure to air. Magnetic susceptibility measurements were

the filtrate no longer became colored. After washing with diethyl ether, Ca'ried out over the temperature range300 K with an applied field
the dried green powder weighed 0.150 g (70% yield). of 7000 Oe. The susceptibility at 300 K as a function of field (00

Method B. [Cp,Fe]PR (0.054 g, 0.163 mmol) was added into a 10000 Oe) was also measured to check for ferromagnetic impurities.

: e : A measurement was performed dn(52.1 mg) in the same fashion
solution of WsSg(4-tert-butylpyridine) (0.119 g, 0.055 mmol) in 20 > L
mL of benzene. Upon stirring, the color of solution changed from dark except that the applied magnetic field was 1000 Oe. The data were

orange to green within an hour. After 2 days, the green precipitate was corrected for small ferromagnetic impurities and also for the diamag-

filtered, washed with diethyl ether, and allowed to dry. The yield of netisc core contributions{1.14 x 1072 emu/mol for3 and —1.18 x
was 0.106 g (83%). 1073 emu/mol for 4) which were calculated from values for the

= )
Samples of4 from both methods gave the followingH NMR: & individual atoms?

1.5 (s, 9, Me), 6.43 (broad doublet, 2H), and 8.38 (broad doublet, ESR Study. Solid samples of compounglwere loaded into ESR
2, a-H). 3P{1H} NMR: & —143 (septetlde_p = 715 Hz). ESI-MS: tubes under an argon atmosphere. The ESR spectra were obtained at a
rT;/z obsd (calcd) 2170.01 (2170.10). ' frequency of 9.55 GHz on a Bruker ER-200 ESR spectrometer at liquid

X-ray Crystallographic Study of [W ¢Se(PEts)s]PFs. Single crystals ~ Nirogen temperature. o
suitable for X-ray studies were grown from a THF/@Hb solution of Thermogravimetric Analy_ses (TGA). Ther_mograwmetrlc analyses
3 by slow removal of the solvent. Most of the crystals formed as roughly (TGA) of 3 and4 were carried out on a Seiko TG/DTA 220 thermal
square thin green plates. A green block-shaped crystal measuring 0.15.
x 0.1 x 0.1 mm was mounted on a plastic loop with polybutylene oil (26) Sheldrick, G. Mthe computer program SADABS is used by Siemens
and immediately placed in a cold dinitrogen stream. X-ray intensity S%Dé’gtf;fsgte%metefs'”SﬁtUte fir Anorganische Chemie der Univer-
B o 7o (@) STETER . M SHELXL 500 o Semens Anaical Xy
. : - Instruments Inc.: Madison, WI, 1994.

determined from more than 50 centered reflections as rhombohedral(28) Selwood, P. WMagnetochemistry2nd ed.; Interscience: New York,
with lattice parameters = 13.4621(1) A o = 62.222(13 or in 1956; p 78.
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Table 2. Selected Bond Lengths [A] and Angles [deg] fand 12

3 1

W(1)—W(1)A 2.6803(4) 2.6813(6)
W(1)-W(1)B 2.6809(3) 2.6759(6)
mean W-W 2.6806(4) 2.6786(6)
W(1)—S(1) 2.456(2) 2.458(2)
W(1)-S(2) 2.449(2) 2.4585(18)
W(1)-S(2)A 2.446(2) 2.4511(17)
W(1)-S(2)B 2.4508(15) 2.4556(17)
mean W-S 2.450(2) 2.456(2)
W(1)—P(1) 2.530(2) 2.5230(18)
W(L1)A-W(1)-W(1)BP 60.006(5) 59.931(8)
W(1)B—W(1)—-W(1)D 59.985(10) 60.134(17)
W(1)C-W(1)—W(1)D 60.007(5) 59.931(8)

aBoth clusters crystallized in the sar®8 space group. Data fdr
were taken from ref 20. Symmetry transformations used to generate
equivalent atoms: A-x+y, —x+ 1,z B,y — Y3, —x+y+ Y3 —z
+ Y5 C,—y+ 1L, x—y+1,zD,Xx—y+ %3 x+ Y3, —z+ 3P As
required by the imposed symmetry, YW—W angles within all
equatorial squares are 9@nd W-W—W angles within those triangular
faces perpendicular to the three-fold axes aré e mean angles
within triangular faces are 8ty geometry.

analyzer. The samples were loaded in air into an aluminum pan and
were heated from room temperature to 380at the rate of 20C/min
under a flow of dinitrogen (60 mL/min).

Results and Discussion

Synthesis and Isolation of [WsSgL ¢]PFs (3). A few factors
were considered when choosing the oxidizing agent(s) for the
synthesis of the oxidized clusters. First, according to our cyclic
voltammetry studied] the oxidizing agent needs to have a
standard reduction potential larger than 0.2 V but less than 0.6
V, beyond which possible irreversible oxidation occurs. With
the electrochemistry of ferrocenium well understood and its use
as an oxidizing agent well document&dCp,Fe]PF was found
to meet this criterion. Upon the addition of more than 1 equiv
of [CpoFe]PK, the color of the WSsLg solution in CHCI,
instantaneously changed to green. The reaction involved is

WSl + [CpFelPR — [WSLPF, + Cp,Fe (1)
It is also important that the reduction byproduct, i.e. e

is inert to further reaction with the oxidized clusters and easy
to remove from the product mixture. gfe is soluble in

Hill et al.
40 35 30 25 20 15 10 ppm
40 35 30 25 20 15 10 ppm

Figure 1. *H NMR spectra (6-4.5 ppm regions) of [WSs(PE)s]PFs
(top) and WSg(PEb)s (bottom) in CRCla.

results. Method B is simpler and consumes less solvent, but a
prolonged reaction time>(2 d) is essential for good yields. This
slow reaction is likely due to the limited solubility of [Ge]PFs
in benzene.

1H and 3P NMR Spectroscopy of [WsSgL ¢]PFs. The H
NMR spectrum of3 in CD,Cl, is shown in Figure 1 (top) in
comparison with that of (bottom). The'H resonances for the
oxidized clusteB are shifted downfield from those of the neutral
clusterl to 6 1.50 (Me) and 4.00 (CH},2° consistent with the
increased electron-withdrawing effect by the cationic cluster.
The signals for3 are significantly broadened, owing to the
paramagnetic cluster core (vide infra). Interestingly, the coupling
with 3P is no longer observable in the oxidized cluster and
the 'H NMR peaks appear as a triplet and a quartet, in con-
trast to the multiplets observed farand free PEt This type
of behavior has also been found in [§Se(PE)e] ™22 and
[CosTeg(PER)e)%1.30-32 The 3P NMR spectrum foB consists
of a septet centered at—143 due to PF (reported valued
—145%%) and a very broad signal at abodit—419 which is
tentatively assigned to the RHiound to the oxidized cluster
(6 —19.2 for free PEtando —16.97 for PE§ bound to neutral
cluste. The discrepancy between the observed integration
ratio of PEt to PRk~ (2.6 to 1) and the expected ratio of 6 to 1
is attributed to the paramagnetic nature3of

The IH NMR spectrum of4 in CD,Cl,, of which the
downfield region is shown in Figure 2 (top) along with that of
2 (bottom), consists of two equally intense broadened (due to
the paramagnetic cluster) doubletséaB.38 (@-H) and 6.43
(B-H). These are shiftedpfieldfrom theH signals of the 4ert-

benzene, while the oxidized clusters are soluble in polar SOlventSbutyIpyridine bound to the neutral ¥ cluster ¢ 9.20 foro-H

such as CHCl,, benzonitrile, acetonitrile, DMF, acetone, and

THF but only sparingly soluble in benzene and not soluble in
Et,tO and heptane. Other complicating factors include the
stability of the product8 and4 in different solvents (vide infra).

and 7.30 for-H)?0 and those of free 4ert-butylpyridine in
CD.Cl; (6 8.46 foro-H and 7.28 fois-H). Theseupfield shifts
are in contrast to thdownfieldshifts for PE in 3 and for the
methyl proton in the same clustér(from 6 1.30 in2 to 1.50

These factors are the basis of the methods reported. In methody, 4y This is also contrary to the shifts of pyridine protons found

A, the CpFe byproduct was easily removed with benzene. In
method B, the oxidized clusters precipitated out since they are
only sparingly soluble in benzene, while other byproducts or
unreacted species were left behind in the benzene solution. In
both methods, a wash with 2 removed unreacted [Glpe]-

PFs, which is especially important in method B. The advantage
of method A is the fast reaction facilitated by the good solubility
of both reactants in CyCl,—allowing the solution to stand for
longer periods of timeX6 h) did not have any effect on the

(29) See for example: Page, J. A.; Wilkinson,JGAm. Chem. So4952
74, 6149. Kuwana, T.; Bublitz, D. E.; Hoh, G. Am. Chem. Soc.
196Q 82, 5811. Ge, Y.-W.; Ye, Y.; Sharp, P. R. Am. Chem. Soc.
1994 116, 8384-8385. Westerberg, D. E.; Pladziewicz, J. R.;
Abrahamson, A. J.; Davis, R. A,; Likar, M. Dnorg. Chem.1987,
26, 2058.

in most paramagnetic transition metal complexes, which show
an alternation of upfield and downfield shifts around the ring,
attributed to spin delocalization via the pyridine rit\gThese

(30) Bencini, A.; Midollini, S.; Zanchini, Clnorg. Chem1992 31, 2132
2137.

(31) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Zanello, P.;
Cinquantini, A.; Bencini, A.; Uytterhoeven, M. G.; Giorgi, G.Chem.
Soc., Dalton Trans1995 3881-3890.

(32) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Orlandini, A.; Bencini, A.
J. Chem. Soc., Dalton Tran£996 3991-3994.

(33) Multinuclear NMR Mason, J., Ed.; Plenum Press: New York, 1987.

(34) Jin, S.; DiSalvo, F. J., unpublished result.

(35) See for example: Pearson, C.; Beauchamp, £dn. J. Chem1997,
75, 220. Miller, R. G.; Stauffer, R. D.; Fahey, D. R.; Parnell. D.JR.
Am. Chem. Sod97Q 92, 1511. Happe, J. A.; Ward, R. 0. Chem.
Phys.1963 39, 1211.
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Figure 2. 'H NMR spectra (6-10 ppm regions) of [WSs(4-tert-
butylpyridine}]PFs (top) and WSg(4-tert-butylpyridine) (bottom) in
CD.Cl,.

seemingly opposite shifts it can be explained by the
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W-W bond length in the oxidized clusters is to be expected,
since one electron is removed fronslgghtly bonding orbitad*
leading to weaker bonding. However, this effect is expected to
be small, as observed here, since only one electron out of 20 is
removed. This change is quite small compared with the change
made by adding one electron to neutral clusters, as observed in
[MoeQs(PEb)s]~ (Q = S, Se) (0.010 A elongatioH) and
[WeTes(py)s]~ (0.017 A shortening}® The regular octahedron

of W atoms found ir8 is in contrast to the tetragonally distorted
octahedra found in the group VI clusters with a MEC of 21,
[MogQs(PEB)e] (Q =S, Se}* and [WeTes(py)s] ~,'® which has
been attributed to the JahiTeller effect resulting from the
partially filled degenerate,dHOMO orbitals in those clusters.
Similar distortions have also been found in the clusters with a
MEC of 19, Nhli; (Nbglgle* 3 (Nb—Nb = 2.72-2.96 A)

and NiloS (Nbsle'Sy7 le* 3 (Nb—Nb = 2.80-3.16 A)37
which have been attributed to a Jahireller effect resulting
from the partially filled degeneratg,tHOMO orbitals. However,

the “strain” caused by the connectivity between the clusters can
also lead to the distortior¥§,an explanation supported by the

combination of two competing electron density effects on the fact that similar distortions were observed in the clusters gHjlb

chemical shifts of the protons on the aromatic ligdh@ne

(Nb—Nb = 2.806-2.950 A), CsNbl13(Nb—Nb = 2.771-2.940

effect is the electron-withdrawing effect, which shifts resonances A), and HNklsS (Nb—Nb = 2.888-3.014 Ap° which have a

downfieldwhen electron density is withdrawn. The other is the
ring current effect, which shifts resonancgsieldwhen electron
density is withdrawn from the ring. Whenté+t-butylpyridine

MEC of 20 but the same connectivity as the 19 electron clusters.
The W—P bond length irB compared to that in the neutral
clusterl is of particular interest to us. A decrease in bond length

must be the dominant effect and results in downfield shifts grpitals which is important to an extended, conducting network
compared to those of the free ligand. However, the main effect hacause it would lead to a more disperse band at the Fermi

incurred on oxidation is the ring current effect, evidenced by |eve| and increase the probability of obtaining a conducting

the similar shifts of both aromatic protons from the positions

system. In the case at hand, the averagePRAMond length

in the neutral cluster, since all ring protons are expected to be gjightly increases on oxidation from 2.523(2) A 12CeH2°
affected in the same way. The electron-withdrawing effect is g 2.530(2) A in3-2THF, indicating perhaps a slight decrease

still present, affecting mostly the-H. The methyl protons are
primarily affected by the greater electron-withdrawing effect
from the pyridine ring as a result of lower ring current and thus
are shifted downfield.

The 3P NMR spectrum of4 only consists of one septet
corresponding to RF, which, combined with the absence of
[CpzFel™ by TH NMR and microprobe analysis, further supports
the fact that the \W5g(4-tbp) cluster is indeed oxidized. The
purity of both3 and4 is evident in the absence of any extraneous
peaks in theH NMR spectra.

Crystal Structure of [W ¢Sg(PEt3)s]PFe-2THF. X-ray struc-
ture analysis confirmed that clust@was the oxidized cationic
cluster as propose@8:2THF crystallizes in the space gro&®3

with Z = 3. Figure 3 shows the hexagonal arrangement of the

[WsSs(PER)g] T ions located in planes perpendicular to thexis.
Both the [WsSg(PEg)s]™ clusters and the RF anions are
centered on special positions with symmetry (® and &

positions, respectively). The disordered THF molecules are

centered on positions with 3 symmetryc(@osition). The

packing of these moieties can be understood in terms of the|

“sphere” packing of clusters. The Ss(PE)s]™ clusters
approximately form ABCABC... close packed layers perpen-
dicular to thec-axis; all octahedral holes in this array are
occupied by PF anions and all tetrahedral holes are occupied
by the disordered THF molecules.

The [WsSs(PEk)s]™ cationic cluster has an imposed 3
symmetry. The average WW distance in3 is 2.6806(4) A,
slightly longer than that in the neutral cluster2.6786(6) A2°
but within 20. This difference is insignificant. A slightly longer

(36) Friebolin, H.; Basic One- and Two-Dimensional NMR Spectroscopy;
VCH Publishers: New York, 1993; Chapter 7.

in the bond strength.

Despite many attempts, single crystalglauitable for X-ray
study have not been acquired. It would be interesting to see
whether oxidation has the same effect or-Wbond length
when az-conjugated ligand, such astdr-butylpyridine, is
bonded to the cluster.

Magnetic Properties. Magnetic susceptibility data were
collected for3 and 4 with the expectation of paramagnetic
behavior due to the one unpaired electron in the HOMO. Plots
of correctedy vs 1/T for 3 and4 are available in the Supporting
Information. Indeed, the data follow a CurigVeiss law f(T)
= CI(T — 0) + x0) and indicate paramagnetic behavior for both
compounds over the temperature range-6880 K. The Curie
constants calculated for compoun8ignd 4 from these plots
are 0.368 and 0.318 mdIK 1, respectively. From these Curie
constants, the effective moments per cluster were calculated to
be pet = 1.71 upg for 3 andu = 1.60 ug for 4, respectively,
which are close to the calculated spin-only magnetic moment,
uw = 1.73up (if g =2 andS = 1/,). We attribute the slightly
lower observed moment fat to the partial degradation of the
sample by water or other species during handling. Also from
the Curie-Weiss plots, the temperature-independent suscepti-
bilities (yo0) after diamagnetic corrections were found to be 5.11
x 1074 emu/mol for3 and 9.32x 10~* emu/mol for4. The
Weiss constantg)] were very close to zero<0.1 K) for both
compounds, which reflects a weafhtercluster exchange as
expected.

(37) Meyer, H. J.; Corbett, J. Dnorg. Chem.1991, 30, 963-967.

(38) Simon, A.; Schnering, H. G.; Schaefer,2H Anorg. Allg. Cheml967,
355 295-310.

(39) Imoto, H.; Corbett, J. Dinorg. Chem.198Q 19, 1241-1245.
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Figure 3. View of one layer of WSs(PE&)s" ions along the plane= /s showing the hexagonal arrangement in the crystal structure. The disordered
PR~ ions and THF molecules are centered along the plane andz = Y1,, respectively. Additional THF molecules (omitted for clarity) lie
directly above the PF ions atz = Y,.

The ESR spectrum was collected for a powdered sample of neutral cluste is formed, but in most cases, whatever is formed
3 at liquid nitrogen temperature. The ESR spectrum, which is from the decomposition is currently beyond our full understand-
available in the Supporting Information, shows a broad signal ing. This behavior supports the results obtained by cyclic
centered ag = 2.04. This indicates th& contains units with voltammetry which showed [W&s(4-tert-butylpyridine)]™ to
one unpaired electron. The 2T eeduced cluster compound be extremely sensitive to reduction and other reactions in
NaWsTeg(pyridine) was reported to have @ value of 2.26,  solution, possibly due to impurities such as water or oxyden.

measured by ESK. . o In summary, extreme care must be taken in dealing with
Chemical Properties and (In)Stability of the Oxidized solutions of cluster8® and 4, especially4. The fact that they
Clusters. The compound8 and4 are fairly stable in the solid .o generally unstable in DMF and acetonitrile might be

stalltet' as ?twdﬁ]ncedrgy obseLvm? (tihe game NMRtospectra Nattributed to the trace amounts of water and amine impurities,
solution after the solids were heated under argon at"CDfr which are common in these solvents and very difficult to

7 h. However, these compounds display various degrees of liminate
“instability” in solution, which are the complicating factors in € ' . . ) ) )
the syntheses and workup of the oxidized clusters. While the 1hermogravimetric Analysis (TGA). Thermogravimetric
mechanisms and the products of these instabilities are not yet2nalyses were performed on compouSdznd4 as indicators
fully understood, some preliminary observations are reported ©f bond strength or lability of the ligands. The TGA traces for
here. 3 and 4 are available in the Supporting Information. The
[WeSs(PER)s]PFs (3) is stable in CHC, and THF solutions degompositio_n temperature 8f(indicated by the onset of the
at room temperature for at least a week as indicated by noWeight loss) is 150°C, about 100°C lower than that of the
change in the appearance of the solutions and no change in thé€orresponding neutral clust&f° but perhaps consistent with a
NMR spectra3 is stable at 100C in CH,Cl, solution for at  slightly increased WP distance ir3. The total weight loss
leag 8 h by thesame NMR criterion. Whes is dissolved in corresponds to the loss of all six ligands. In contrast, the oxidized
acetonitrile or DMF at room temperature, it degrades slowly as cluster 4 begins its thermal decomposition at 20G, even
indicated by some color change. In some cases, neutralslightly higher than the neutral ¥8s(4-tert-butylpyridine) (190
WeSs(PE®)s is formed as evidenced by tHel NMR spectra. °C).20 This may indicate a slightly stronger N bond, though
Unlike 3, 4 is quite sensitive. Although in a solution of a definite conclusion cannot be drawn without a crystal structure.
carefully purified CHCI,, 4 appears to be stable for days at The amount of weight loss corresponds to the loss of ap-
room temperature, it undergoes degradation rapidly at a slightly proximately five ligands. It is interesting to note that whie
higher temperature (5TC). Even at room temperature, decom- seems to be significantly more sensitive to decomposition in
position occurs in a solution of THF within a few days. The solution than3, the opposite appears to be true with respect to
instability of the cluster cation in acetonitrile and DMF is even thermal decomposition of the solids.
more dramatic ford. After dissolution of4 in acetonitrile or
DMF, the original green solutions change color and some (40) perrin, D. D.; Armarego, W. L. FPurification of Laboratory
amorphous solid precipitates within minutes. In some cases, the Chemicals 3rd ed.; Pergamon Press: New York, 1988.
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Conclusions Research Science and Engineering Centers Program (DMR-
0079992). We thank Dr. Mingtao Ge and Prof. Jack Freed for

[Cp:Fe]PR. The products were studied with NMR spectroscopy, their assis,tance in collecting thg ESR data. We al§o thank Prof.
mass spectroscopy, and X-ray crystallography (onlygjeand J. M. J. Ffehet and Mr. Frank Ling for the convenience of the
are shown to be the desired oxidizeddSML¢]PFs Clusters with ~ Mass spectrometer.

a MEC of 19. Magnetic property studies showed that they are
paramagnetic compounds.

We have successfully oxidized the¢BdLs clusters with
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